* * • 


NV 


N , <>e^ >>e>- . . . JJodl^>- D\ 
t ^ jJill tw^Wll ... 

V . . .a] 

NN <Jb U 

\r j^i-1 jop 

NN l ^j*\S*\jj 

xr Lei 

^Vp <o^\ ^Vp *. ^s-u»V> 
rN < gULl A*l bl^isi^il jj^ lill 
r"\ Aillt jAj^I\ 

rv j)j^}\ j^ 2 .& ^ 

P •• V* 

IN I^pI^jI^ clA A«MA. i-1 

a a alA-Vl Qcr** 



Cj>\$ j^\ 

. <Lsj^*ll ajAIIi 
^jX-NN/NN 

Ti Ti 


1 acebook .cam / 1 1 blnk .magazine 
laceboak.com/lI blnk .magazine 1 / 

1 acebook .com/groups/ 11 blnkmagazlne 
lacebook.com/ groops/ montada.l.Tblnk 
lacebook.com /I I blnk .science 



J_5lSI Li 



iThink 



urn 






^ S' * • * A?L*o Jj \3 JjijJl 

*♦ £/ *♦ 

|V-^ ^ ^ aAc*J I cl** W^y? a.1^ ^ ^ ^y*~X) ^^X> jCA I • » • 

^ ^ ^ J^" 

<J^f, ^ U^jy£> Au '^^^IlJj\'[J>j\j jlo^l 

l^l JlxSl^ jJ-l tilLc ja>J^ (J\ KJli ( J> Jv£- pLw> ) 

. JJ ^ 1^1 V^-*J 

^ y Jj£) Jil jlljil ci\k> ,X^-^' J 

(V* j>^ J' Uyul)fc« J (_J*"^ 

w w % , w .. .♦ 'tt 

. C>jU Xs\jb Ajl^M ^j^zJLm ali-l Aj\)b 

■jj^^.L^^ip^tjm ui^ j\j j^j^i t^p j 

. J$ \ »Xy«-*" 


*1 Jot-rf-y 

»js' 



0 v ji 


2| 


* * 


ij^Vl lUUsyo j' y> jUjSIJjla)^ 

*♦ ^ 

^ j 31 (3 (jj)^-^^' ^ j 3 U Jp jjl 

J ' yy ^ ^ cJ^ ^X-yJ>i 1 

j jUi^l y^kx~uj\j \^j\jL>c~uj\ j c\j\\ >X*0 1 jX*£>\J^\ 


J 




* J 


Lf 


^ i y^ 2 ^>\^\ ^y^ jj$ J ^1 LJl>- 6 Jo Js^- ^Jbj^ j 

. j^Co jCll ^A. \ pJ \^->eVS A j ^> o \ jLk^ \ ^- 4 -*—^^ \ ’y 

^jy>- \^\^j\^u^.^jSj)jo] j>y>iij^ j' ji jUjiijjL j 

A. A A. A A. A A. A 


♦♦ *♦ *♦ 


. 3 bjU\ 


^3 jj ' j^Co JsAa ^ uJb \ jy^yj A^ L^sa) 

^wwOjJl 



(jAt ^y> yb ^Ij^-^l jl j^Aw j[> li p^)l 

d U 3 U fifjL 

. ^ ^0^ <^\j y\&>- 0 ^*&\ 


y^>*y yy^A.) <wa) J. ill j>jjl lj* ^ 


J 


LJ JLJutf o^j' >^l _jJUal <L. oU-yi J 1 J^Vl 




A) 


li 


Aai-l ljjb» «U>- J^ZS> j£> « f^zb O^P Ia^BcJB 

^ * 

2&j AP^, j |J3 JL*. . . . Vj> JaJa^l pfi 4 ^ JU>. ..... £UlI 

. J,»^W Ao>- cply2.1\ yXi ^Jp p.-^) J 

<<JjUsjUisUi-l xB.Jp AL)I jojpU Ijjb «JB 

. . * J-A) ^jA. li j> Sl 

(yl^yX^ - Bl 4 )^ 

(j^.a.lljB .c->ly2.1l yX>^A**A^j^j^.yAl^yX)^.A^(j^.<>»ll ( J>0 

«. . .SLBop-te ijcisMjiii Cf yjl\ J>-j «» 

lx aL^W a,*,^-^ ao A>-^ A> .... iA*ll JB (jAj ^1 

^l>-. . .pj^.wAl yX*> f j0.ij\\ All^-JyP \j>j& X^ 

* * . ^ ^)l55 o^P* ^X*j 

Bl* . . <w>^^ t'j+J.) ^jO.)j\\ j]\>- (j0j*.\\ 

.J>.».*> ^7^1*1) y\>*^ .jlialSh Ix^Lp Jm ^ 


.... OlpLfaW d JP yX*> 

ii* jp^ j* j,M 

«j*jd\‘Q La^P j)j]\^C^j!> jA» 

i, jA^iuw js 

p p *♦ *• p ~ 

. . a 1*5 lx*lp B Jj!^ 1x1*5 CS~ 3 (j^Alj Aj^yX^} 

... * . . ^. .. . . . 


. .^L 


A^Ip 

*♦ 


. 4 .*) A^- 


J/VCy Science \>*z«0 ^ 




'S 

«^jjS\ ^,lail» 1 j.>- 'bj^/23 Aj 


.^Llil j JA*J^1 a5^p :j.^JLil 

. I oU^Ap *X^lp ^^lp j>j^ (j5**5yX) ® j J^>-yXj 

A.>-^yXil) i^J.’^a.) a) 1^-1 ^ jl^>- j^VP d^PyX— o»l ^ ^jlll i^l*ll A)\ !J0ja.\\ (jLa* 

/.(rrtho^D 

^l^ ^* } . APy^.j J>>0 

• • . •'•.! ^^A^SyyVyy) ^yX^xl 

P 

Xl*ll,JLy. .« l^» 

« l ^2I^.» J jW ^il *1 J6 
2 $CjUI 3 J 4 « u ^i < U IS 1^ cJjU lili <J*i; bU» &*jA\ jJi M*il iipji 

(3^5 O-X^- A. * * * * ^jO.>j\\ JJUh 'AS'j^u,) 1 jA lx*/«l^./« ^lp 


• • • ^ JLlI ^ ^ ^ (J^- 




>e^ 


«Jlyxlplj aL* cc\\ yX^A^Cjyxil Ay^ ^3 J^Lio^l»^L2l :L 

Up . c>jy 1 ^ ^*xi a1,ui ^<,yxii jp 2juu ji j j^i jb 


AliyXj 'a 1 )j\^ 


y' «* «• 

** ^ 
«<Lfa« J^ll i^^Jsil)) Cl>>!Ix>^*> « 1^2.*} A.Ap ^lll ^fc^^yOi^L^eX^* \A2.>I 

^ I^A) y» ll (JLo» 

.llai|AyP^i-l^^,Up Ja2 J Al?lS-l d 3 j^*3 I a] ^ AX5 jj 1 ^Jjll jjXj y)3 

^ ♦♦ ♦♦ ^ ^ ♦♦ 

. . . .^apB^dyXP yX*>.*y^ «j^ia«a» jl^ji plUl Ak^j £u\ jb 

.^l^yXil^^>e^2.)l A^jIj ^yX^^XiAjt^^lj,^^^! Ix^lp Ix^>-^l*ll3l5 

a!> 5^ lx) ^yX^ /) <^*>0! AjjB (A, lj^^2,>-l 
|A*,a ^Ip OyXj yX> ^Ip ^ a!jjB ^il*5 

*o3^' 




J_5l9I LI 

■Think 

magazine q Lis 




i 


J OAj . . . jLLI 3 pSCliAj . . . .^jX* ) LJx*Ip1vJlJ^ 


^ j>-j*2~ j — jijixWs' Jpj* ^ ^xj <J\3 cJ€\^i\ jpjA j jL^ j$C*,« ^lA 

( J^ ->-*A ,-«Axi _^A ,j^s<* ‘_ dj AAl ^il Ai^jjvi jj^j L^ L^A 

* S; * ^ •♦ Sr** •• *** ^ ' ^, " <■ 

* * * * i}j^!J < -r‘^ s i? J J L) l£^ j 

«• «• «« ♦♦ «• 

'L^' (3 cfc^y^y* y^y j£A$ljw« ^-ol y*ol 

[ijjxJjj* *j^7 yj^l ^^ApWnJ * a.5>-^} ^j*[^2i ciApI^* ^xIWj j^xAILi |vP 

LoAULi *a> jWhJP />j>-j^z> yj^y cA+fe^ l <S*2j 

«• ^ ♦* . y 

JjSVjNkflj L^-. .^^\aA^S^Aj*> .y • jMjM'L^P jjL)^ l i/^Csij 

. . . ,^>-j^t 2 .j 

jiApj5C^ ^Al . . . j)L^}*^l J^a>- ML/l? li 

(wA^ a 5^*I1A l) L.}\aJ Ax*.i* (J*^^ } * • * * 

♦♦ «« * 

|vP ^Al jjVAli^llp jwL^ p.P l - ‘^-yd\ ^j&y aL*AI y* eoUlp 
( S^lp j^LAI *Xx) Axjj^M N * J\ y* ^>I aA 1 c-Jxll ^ji) (^Ij 
/>i3 AjI j&I&J . » » i^p\ja. ) j\*& ,AAp ^<luj\j Ajjx) 1)} £*}S\ i yA>X^ 

** ** . ***.** ** ^ k 

j^^L-^AI X*0j Aa^L^Ii ^j-“LA (j^Ju^sll^ J..*xA lj\.)j\ A^-^i <wA-j-^ (jo Sj.} ^>-1 

♦♦ 

L >^Kmu j{*x^\X)j>yX*b\jAJ>, j31^/vLflil 2i\jb j>\ ^>J)jL* ^yOJ ^}ld^l,*P4^\l>“^ 

♦♦ *♦ * ** 1 ** 

• • % J[^ 2 ^u) 


A) 


sj, i^jx*) . . . ^ij3lj*.t*i} 


i y/.A.^y.J ^P 


. . .a! ao *il (jU.il! 

♦♦ 


^Alp-.l; J-Jjil Jaii Ju»% 

1 \ ^ I^L^^AxIIp yX)l) 

\ t * *• t \ \ M •♦it In V t \ «♦ *** j •*• \ ^ ♦. 


^>^)\^y\^2\ J* Ul» jJUUV J^J^J Jx 2-**> ^ yXH) 

jfujjJkl jIaA J^a } |*P Jufa«^lp ^/.^*«.} pP (j^Ajl^ 

|vP^"^J j^Lft-xAl ^uApt.X}^ 
jL^ ^^X/»\^iZ> ^JP jJJJLiJ jvp jjjuiili-* ( J^CjI<.ol 

^j! JjP j!a.^\ CXXAj^ S^Xj ^>- y \ (^PJo ( j^pl^.j 

— l^U, a]Ia^» jAy ^ Li jL^ j^jiL^- ^ ^ 

• jL^ • • i ^ )AA^ » « 

L ^Lp I* As^jjj \j » % » % f 5L.^ <01^ 

* *♦ * ** 

\.l* 

% • % VAiXa»^A) 
*♦ * 

<^^A^A>- ^J0».P^ ^I«pL ^jjLl L 

s - . 


ISkX, i»^>-^ 

Jj^Li*.^ L>jvAp Ajl^ ^ c-^j>-(^y a.xj l*j dwKj^>- l^jL (^LL»sj.j^>- ^) 1 (L^ Xa) 

4*« Jx.) ^lil |vPj31 A^olp «j^ : X Ajl^ 

^L«j Jjjjb ^fl jLol <3j*^ jSs^i ^>-1^ p£ 

jLLj ^lik) y^y \ ^ (j^^A ^ |v-fc**l»^L^ j^jV» ^j.} jL-p! ^Al Jj.**aj 

<oUSJl jP^j3l»p^ljp, J<OjI r P^A JLL^ lill 

jl A)il <~>'y>~y (j^L^oL^L^ A> cjjll j-A^j W >^1, 111 VjJ' 

- * ^ ** * Sr 

P^A^a) 4 ^ (j-ti 


o 



aA ^P^l^ pAisA) A® L®^i ^ *•>- iJzX}’*" Aj^««*AI dj ^1A I.X>- y\ ^ 


. . .A„s3< 


IjJ.)Ij^ ^aX-^y ^y j Jj^ bulp jvP aLj^j \!!^o Jj^i tjjyy *^ 1 ^lia, A 1 ^1.0 1 y\^i 

. . . bol^^li^ 


* -/ .. s'. * 

Ipl^i ^£>j*>\j . . . . ^Lp 1^-obJj ^y» AxjjI cjj+-*>- 1-^.j js ^L.*® 

A^ijA oAaL-Al J^liiu-Jillj (JjjlaAl J^A?. . .J^- J$C> jp 

.... oL Jil\ ^ l^pi/l, 

... jlSjSCi^l; 


• ** i ♦ i 

V^sX-iil Aa5 JA\ ^y° a^Hj \ \j\)js£- * 

*• «* * # *♦ ** ** v 

NX Aj^l ^yX^Ly XxJ^ 1 ^xJ+y <^Js>yy ^l^lAp J \j dXs>y kxijs^ y* jo\i 

\^A>- *5 yx$5 . . . ClA} y>~y ^y&>~ y +**£z- djcs\* Aj^l y»\^L .... ^ . . . . l^A^ 

...b^v-^jg 1 


#Je_suis_charlie yj Jij 


^ 3^* ^ y**^ijjXy 1-^.j yX A/.^.A,ll} . . . ^.^S)ki\xi Jjl^j p-3> A*c*“^il 

^ kXy£-y y~Xy&- J^2 j *qj . . . Aa.W^ A \j$ ^£i\j yyXsy cA. —*■**«><« A^i l**> 

yy-^^y *Ag«*lo^ y*!>yA>y ^ApI ^ l.«A AoV. . . a3^a>- aI^WIpj ^Lp 




^ % % % 


m m 

rrw YA) 








\\^LJi\ x> sJxaI jl& ^^.il 


^ ^ ■■»• t S' * w w , - 

J ^l ^^giAl^-ya ^ 3 j J>«j ^ ^ 0 c 

il^ cS^Aj^ij l^ija^^l ^ ^ £>\j>j 


'C*>X 


aO^aj ^Wljlfjilj ^AJ)|1^U 


y < maai ouum, am ai; j\ o[>jl\j ami ^ oUjUf y y&3 \ 

. au*- jvA) j. 1 Aj j.ii» ^>.Aii,j ^ 3 ^ ^ ^ j>~j 

^j^i jvpa^i \jp ^ c-^-»i iji j^7> ^ 1} jai [$>*** ^ jii^oji sjo 

AolO^I oljlil ^ ^j lp^jl L yi> />.*> . */Wa 3 JjIj A ) ^xjjjj Aa>-^p1o ^ 3 

jlij j Ajt^^Aj ^ j Xil iL^fii! -^XXzS (jij-> *y j-^i mij.vA.1 


i^u&a ^ ^ ^ip^aj ^j£s>-j m^am <cAaJW^ sjAiii Aj j 

j£i ^3 u^fi^ui jL^i Uj . . joj.ii ;,am . *AUmi > a 


, «A*wJ 



\% .UUH 0 Jv-& 

«• ♦♦ 

»j\il JvAi.ll (j3/o <JjAp 


ami oUa j m>i >1 


. aj 1 jij 1 „ 


^IjjUl. 

3>««'»^l aJI-^.^ ^ j j>*j^ 

A.; ly^mitJJolj ^jil ^ _j \p$3)l} 

iyll. v 3 2 ur .Clyy; ^ y 

•PA*.*A1^ JA y 

. A.Aijiil 

e, • 


Ts^f 

I — p^I j! JO- N £\-> 

.. ji>j v j>^ ^ ji 1 j* j\ uv 

j>jyx ijiA»umi ^ 3 qx9j> 2 J 0 U x**.x*u> 

dj^zb ^jjlail aJ ^ p-^J^I ^ ^y > 

^ . . A^P vju» Jvil s ^ jvll^LH 
Jjl J>) S/o^Vl J>'j ol ^ 3 J.^^ 

(3lj*~^!l^ i^Jo^a.11 ^ 'y > 3 Oj-j^l 

< Jvj'o ftj^ Aj Xj^yi «l *J\ 



< 


jUji j' Jl> u 


^>-)ll ^Jols>jj jj5>tJ I cJ^j>~j oI>^^*.aII joiol cAj^Ov^ j^p ^a^l jl ajIj> 

^ 5, «« «« ** «« ^ » 



y \)D 

ijkiloU^ly^GVloUil 


•• P 
P 


v^Lmi N j\ jvZ*j . x>j^2\ cjij^ivi a^ ; ^imi ^ 3 

J.UI ^ y N jj>j M U XS « jL^\ a L^l» J^\ J.UI N y Jy, ,5^1 

)Li<.> ol^^“ jvpL^A) « * yv..»l.**vll ^I aLp *^pj c«li.A-fc*» 

• • 5, *♦) ** ^ 

* rU>a.lL )\> Ai^A)^ j^Ap] V 

. y) j<.5 lyAJJ^T 


<</.j^>» Alljl) J JwA^j jl>e^2.ll \>=^*.)^ AaIp mp)ll *aAj 

v^flj L^ljjo^l J>iP Aj I A^^ Ala>e-fa«j Aj *-« k5^>lAjl ^*,^-A) 

p W • /W ^ *♦ 1 ^ W • * •« 

«AiL^» ijij j,A.ii a^2.j ^ j j . i^j^^- ma ^ \j>\ \jC*s -\ IPHONE 

..L^ 

,~A>Li Xx> I* .AA^Ail ^ . (Jjv>sLl 0/-AI J.>^ll S/_^ N ^ S/->^ll ^ j jlai l^j 

yp\j? ^ ^ )lp;^ jly^.m^.^-j ^ ^ I Cjl^^-pAJ 0^13 l.jj^lppy ' 0 ^ ^ 

(j)i'j Xa^^a.>- .S/J^ l)Um ^ ^ jj. 

*3UL-J\ ^ Jy Jl^t 8^ s yjJV, a^il 

jp^j ol> All J>i j ^k~vX}\ ^ *J \J ^IjIaAI l^jAyAJ 0 JvLj^ A«w,A' ^ j3 ^ ^ j3l j>-^ll IA^5 

.an ^axj (.a^ ^ 3 


|USI y JiLAl ^V s N jj Jlj^l . 






>S ijJU 


\ ** *♦ 
yJJ 0_y«s^2.J 


(*f^ 


jlpjJjl 




,U l^\ l 




LisUtll 


JjZjix) 1^. 


, jJI 






ilp-Olil 


$ <J ) >C-j .. . )' ^ ; 

'JI^P V jli • >JlJ.I 

S ^— < P ^ ♦* P 

.an ^ ^ K<A.AA.xij Aiiai» (_yy>~ ^ uip jiuS" jv^-i j.*j 

^liloly-JlJjU. yki'J;' s ^ 

. y,-^. iS-b>A ^/J-l ^.y 5 


isijoL> qjo , Darby Proctor ^^JLJI jJlaJI l&j >ol9 3 jL>jI ,3 

c 

03-t^> DJI >°l9 .dxlji3" 3joo LoJu_C Xu33b 3jjb^oXiJI 3 I q lo l <djt5ojjo^J| , 33 ^ 0 ! 

c 

jO^JI cLbxl) JigJLyjJ Lcx^JLo ,JS Olji-O- i d_*_SzJ (^jLc QjO (wOJJlXJ 

jAjx JLojI . 3x>b_U ^j_sdl dJUS Jls 2J3 tQ-uoj_c 3^0 05^° dx>l3 jAlP 

Jl^-^ b j^oJI 3^° g lo 9 jjouOXO dJ^LuO Jl (3^3 -a-^ t3x>LJI b <Q|uOj-sJI .}JlOU 3 
3 Jlj>I^J ^lo 9 cLuu uo3- jjliJI jAjiJI JLojI 3 I 3p“ t3 <^3>kJI 3^° 

c 

.Jox-9 CJlj>I 3 djsz.Jo.3 b^l 3P* 

^U1 cbJL»JI 3 *bo^JLo ^15J 3Lw^Lo J^Lo b iS-^s-?. (5*331 jbjAJI c^jJiJI jLl>I LJLc 

c 

^IjoJb Ijl)3 LooLc ^o^ol bbJI 3I 3jj ^b^JI jlxkJI o^jjjJI Jl^-I l^s jLl>I 

.J_x3<_JI dJLyoj ^JLc ^9Jl93 j3l*£JI3 

^3 j _9 jLsjo . 3 j 33 JI JoLqjJI qjo _j^JLSCJI 3 dJ3_L*> ^0 djbidL> .^jAJI dJ3_b*>3 

c 

lfrJ>j ^3-b 3J3J3-JI oL^ol3 <L^lcJlc^ jjx dSLo- L3 > j ^Ubj3-sJl3 3jjb^oXlJI 

JLc _)bjL>l 33 3X L03X <>oLs2_bJb Oi_sJUlj jlsbxJI >®3-jb LoJuX ^503 >oJlS 2J 

b^bxS 3 jo x»_p3 Cjca^oJI Oljb-uJI <jjo xjIsJI jx^J Ox2j3>3 rheSUS ^3>9 <jjo ^^b_9 
l3_bia_9 ob^JI ij\ 3p 3 Ciljb-wJI b I 3 XJJI) j^SJJI .JliLb^JI JJLo ^ 3 jAJI ^o^ol 

.d^ibxiJI d^jJb xxdUl 
'-&^J lt ^3 3 jx> djjb^j^JI obl 3 ^pJI 4 ajJ-> 3 :> 3 ji 

cliLJL oxjj I 4 JI 3 djbLJI ^0 .b^Jjd>^Jb <b_clj j^c l&jl b cjbi^U L^jlo d^lous 3 

.CJuc>3 

:<3LcLxj>JI 0Jl=»3 JoAqo 3^b>^)l 
bl3-^>JI >oJb: 3 (3^b>^U <3b>b>JI JjJl^o >°3-bl o^^ 52 -^. 03^3^-^! 
3^b>^JI 05^3 ol (>5bxJ .<i^9^b>l Ob>b> qX jJuoj (5-jJI dl3_LuJI JljJl^jJ3 

J^XlXjO 3 ^b>^JI 3 (>jb*J^JI y>^>S t<b_cbxJ> <b_cLoJL>l cb_^- b-^b 3^1 JuLC L^JLC 
Jj-QJ jLbl 3 b-^-Q^oJI bJ3_b*JI IJl 6> ,^_y03_JI ^^bjJL>^)l bJ3JLuJb OjbLua 

c 

.Ojwb g-^.b.iiJI OJblAJ ^cLoJb^^JI 3)3^3-*-JI ^JL c dJasL^oJU ^jJoJiJI 3 dbb*JI >ol_bjJI 
03JLsLl> diLco^lAJl3 b^?"3-b^3l .JJl^JL) Lsz^bb> Jlj^J obl3^JI 3^b>l 3 
3Lb> tbiiijLo {j*juoji IJl 6> ,3l3-^-^JI d 3 -L«JI > 0^9 LlJLc ^o^fi>liLoJI 3 ^ jUoj. 3 ( 3 ^o-s-j 
0jb> 3^3 Cjb3b3 ^j-qJI ,j 3-9 j <!^LLo .313-^JI <ll3_LuJL) <3bj.Jo.AJ I JjszAJI ^3^>j 

Tob-szJI uJlC J^j^ooJU dAjjJo djl >o| AJIJlC^UI ^JlC ^b>«Jb>l jCL sj (UuX ^Jl£. 


3 ^b>^)l 3 I dAjJioJI 3 I <cLcx-uJI j-o obub^JI ^Ix oJjj 3 ^b>^)l 3 I o<3xs2_JI JlqJLsj 

JuLC b? ob*b^l JuX Jo-Ai j*A-J <j->^JI 52^0 AA^iLsdl 3 L^jLC (5^1 JLC.I3AJI 

•• •• •• 

c 

3 oUb d 3 -LuJI JXI 3-9 3 I b bjbl 3 _AO>JI JuLc ^ 9-^3 *bAul ol 3 ^oJI 
b^obzjJI 3 >°b>«_**b^JI 3 Jb> b-?"^ O - 0 <bxbxoJI obj^SjJI 3 ^J 3 j^ > ^^^3 b^- 9 3 

.L_> cLAJI b-c OJJ1AJI3 (j^b-JI J03J00" 3-yuAj>jJ d_L^JI ^03 jjj 3 -^JI gjo 

c 

LoJuLc. ojo CAob ^AjLo b?3 jb>_>^JI Ijlo , capuchin monkeys >jAJI 

jb>JI ^jAJI >° 3 Aj o<s> 3 (3 '*-9jvb J oJI b^ Cy 3 ^ ^ J- 32 -^. 

Sarah 4 j^3_LuJI djjob 3 <Sj I Jbb .dJ <3 LoJlAoJI obx> b>lAjJb 
jJLc. jJlx j-o 0 JLcb**-oj 3 c\jjJ3\ 3 ^ 3 jAJI ^->jb>«jdLJ o-° /Brosnan 

jx 4 ixJLc 3 OjcA^j ljb^>l 3 j^>AJI ^15 cAxz 1 ,Dr. Frans B. M. de Waal j^AJI 
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3 .Qjia^ >oLsdoJI j-o Obx^oAj dsAb jjAJI jb>«->^)l Jj' jL b i>° >o*^JLS Lob 31 <d-sblj 

c 

03 ll . J^bjJI db-ox JXI3-9 jjb 2 -*-? < 3 ib >«-9 <dJL>bJI O-0L9 djjobJI >03-1 
bx. ^JLszJI b'^bAj ^ 3 jAJI 3 <Ojb>«_>l b?^° O - 0 l^33bx ^ 3 jAJI Jl> 3J ^Jo-sb 

^jAJI ouubx <j\S ^oLlJI * 3 ^^ -ijAJJ jbp^^ c Lbxl (JLc. Oj-oJLujI 3 

•dJ^lx jX J3LJI dJLaX jl jvJLci JUI 
djX-bb d^bxjL> 3 )l d- 93 baJI JXI3-9 33 b> 3 )l 3 .djp 3 b> 3 )l jx^X)LAoJI Jx>l <dJljLS_JI 
bijJoJLij (33-^- => ^l3 CjLx>I 3JI j-oubsJb 33b>3ll *>>3)l b 0 ^- 52 ^^ i3 bJ3_LuJI 

0 jL 9 b^ *^JaxJI ^IjAl ^jucxj> (J“b-S2jJI jx^jub_s2J qjo dS^LaJI <^9lj-bl 

Q'^ s> 3 ol O 3 JXJLSJ 3 I 3 -PJI cLoJLc .3 ^-b 3 JC> 3 )l cLoJLx 3^ 3 j<-aXl9 

jb^LaJI 3 -° ^ 3 ^>-o Oj.^Jo Ojx>3ll ol 3 ^LuJI 3 3^3 <d-b&b>l JXI 3-9 ^Lbl 

b^o < 33 b> 3 U d_*j|ju j*a_«jI xiAJLoJ 3I3-PJI jxJlx 3^0 C^JlsJuo ^3-jl 3I b^ 

Ij 5 b> O-uA-J b 3 b> 3 ll 3I < 5 j 3 3 "° *<ibbl 3 UI 3^3 ^bJI JxszJl <ojxLu*-oJI <b^bAjJI 

b-c.311 b^ 3^3)1 ^ 3 -bl Cy 3 ^-Q-bc 3 o <1x1^31 J3J03 d_b>j-o i^Jb b? <3^ u b3JI b^- 

.^J>3-b jJ! J3J0-JI JX-LuJ 1 _oiul> 





djl bbc>3 tjl <JI js, ~>b c\ ,3 diLubliJI JoJlsJI 

J_s_£l)I 33 q \b jl^uo JoLoj^Jb Jo-iis ^k>L> 3I 05^4 l)I o^bu ^^^>1 » 

(jl C!j— i_)- | 03 ^3-JJ ^^cboJJ^^J I ^oJLszJI jLb| <3 ^3! <d_JI jl^oJI 

.OJu-g- Cj^juqj ,3j3 ^JI <LxboJL>^JI j-b^JI <£ 9 j_SjO yx^jlSLob 03^ C>J 'bblJJ <jvw-> 

JlLo 3 dbLbbJI (J^L>^JI <jl 03^3^. u^ J ?"3-^^l i>° ' J 4'-^ S2 -II ol l JLc 


^0 qjq j-JLSJb dljUbb olJJb x_«~uJI IJL3J3 ^oJlsJI ^3 b&j3JLg- 

<(3jjb^oJiJI :LlJI cbji&JI v_jj- 9 l ^0 <bjliLoJb ^3^03-) Jh_gbb dljbbJI IJl& .oI^j^JI 
JLd ^ 03.fi.ib < 03^0-^40 ,Jbl3 jS^ Jlj> 3_) ^sjjlooJJI g_Jo _9 g .^ojxJI ^jib^oJcJ^ 
^_S2J^J L4I ^J[ gjJo-oJI qjO I4JLC (j-O-Lo OJxLfiJI OJl& ^)l ^03 <^_ r cbxjL>^JI 
j< 51 qjJI 03^ ^jojJb ^3-^JI ^Jg-gj^J C3JDI3 4 -bdLuJI .b>3jCj 03^ <ilgJL*> Ojl^gJI 
<L^UbJI ix&L>*JI j^l^iUI 03^3 bJbJI ^JUuJb 

.^jJqJLII <3 L^s J^ojsz^oJI 
icjbUUI/jbUjJI > >>j-b JlcI^JLII 


<^jjb^x-<iJI Jl^o LoJlLC J3.jg.ib0J I <b_)Lu £o^qj ^jJgJjJI ^3 CJbbJI cLtS^b>^JI wLcl^ibll 

c 

>ols2_kJ| (Jx jbaj (3 JJI Jj-oJI IJuuJI .>ols_bJ| 6 j^jS <Lucx 5 t^JLo 

<bxbxj>JI cbpJI Jx.l3.ib >ol_yJ^Jl ^jJgjjJI £ 0^3 td_**A_QjJ >ols2_kJl ^iLo ol 
^x-^libj ^3_ib-wj Jl^^I 0^° U3- Q JJ a -*- ) ^-b-oJl jlj- 9 l <bJb .L4J-C tbijlsJJoJI 
iJLbuJl qx o3-cj3-^.^ v±JJ JJ3 t«<i 9 Juo» Jibi ,Jlc g_o <L_aJLll 

d_>jJ o-ouJ 0^3 d-j-g-bo qjo >oLa_bJl Jl 3-1 l JLc C3XJI3 4 _bJLuJl <bjJ l >ou^4oJl Jj-oJl 
I4JL9I ^3 CJjJjJI bug-Aol >oLs_bJI Jig»3 (3JJI Jj-ibll 3J <3^>3 .viUJ-) «3^>J1» 

c 

, 33 _ 9 ^J 1 djl j3b>JL| l j^cx^4oJl JjiiJl ol 'J^?b tJ3jJiJI ^oJLgtjoJ ^LoJl^^JI ^Oj^JI ^3 bLb 

c 

.LbJLJl «3J>» jJb ^jjLAJbll o^3 cSjJ 'bUJJ .^x^ibJb b^Jl-b^oJl vJ lo <3 v-Q.iij3 
.^jb*b^JI LjoJb: ^3 <b^L>^JI ^ou^buJl Jl^-I bbul jjJI «LbJLoJl ^3333 

:>0jJb (^JuoJL) t>ojJl ojLb ^LobJI 

c 

Jl«x cLpJl3 o^aJI J^oliJl Jg-gJl Ju^ 5 bJb 03^ cjLg -13 <^>$ 


>jjJI x)jLb (Jolg-gJl .(3jb>^Jl obl3^pJl (jjq <iib LbJ cb^w/jJb dJL)jL5 (j^SjLuj 0^3 
3 _fi> >ojJl (joLojo (jilo3- .djbbU <>oLyJl cbb>tjo l jx UL>b ^LJ j^bu (3JJ1 

c jiJ 3 0^5 dbblJx <bxjtS >bUbxJ >ojJ| cbbjJgJI CJl 4 ) Qbjtjaj jjJl CJu^> 3 JI ObuJuJI 

fbu 33 _) ijgjtX^CLO j-X OjJuOjO 
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jo>j)l jxUuuo 33*000 UuojJLi y>\ J-Sixx J .J3-J1JI jxbbo go (j3ls2_xJI ,03 QQ^ Jl^30 

.jo>jJI jxLiuo l_ 9 jUoo| jlj-oJI i>b>o[3 ^-O-bLszjJl) b_&b>o 

J^-JjJI Jb ^ooloJI JbJLlI J^oLszjJI 03^ bo30>3 33*00 (jSboJ iobbbJI <3jb>jJI 
cLoJLsJI (j_&jO Oj^ox 9 &jv _9 J005 .J^L-LoJI i_Q..bLs2jJl3 ^ojJb J3 _szJLJI3 J^L-LoJI 

c 

J_ 52_9 O3-J0I (jljboJI .j_cLiuoJI (jo> l 9 jUoo[ JjoIs2Jo jUJI Jc> (jl J- C (joJuLSJI 

,j^l I.9 _£-sj >J (jo> J J' ^x^j^l/^j^l 3' u^J-^ Lo»^ <i^ol3 

.( 5 j 3 -I (jlj _9 0-c opLoJI >JjJI jxLiocxj ^LoJL&I 
6j_&Uo bool uLbl_s2jJl3 ((jbbbJI JuLc b>-^>o 6>ibUaJI 

uJb 3*00: >0300 ((j-pj _9 (jo <Lyob dijx Jlszj dot jbLo 3J ..^JUI J 0.^03 d_s2obu 
ui.fl. 3 o dl3JL*JI Ul& .dJx djj^U <1)31^0 J jvoUJI ^j-flJI J^_QJ3 <1 qoLs2ou gJobJl 

.gljoJI (jx U1S3-0 dJls_^03 jvobkJI ,jx 




(jilobJI .(53L3 (jJo_o bJjbboJI (33bJI Jl ^3-so (jibo> j^b: J-^ ol do*o dJUJJ3 
Jl Q<j 03^9 JLJb3 ( J_ 9 jJI Jb <Lo J*L> OJ3 uj*OQ jljliLo LoO >CO Jl Ly03_) ^-boo 

c 

jxbbo gJobJll (jl _9 (jilflokJI Jo-> (j***^J .JlSJaJI 0$aJI J-S20 >0^ 03J0 >°bj dojb 
bJ-b J-£ J3-«^j>Jb ( 3 - 93-0 ^oJ (jjo Jb >>jJb (jjJoooJb 0333003 d^JOibob 

^lj_ 9 l ^ui> cb>o g-A.Jo.iiJI ^lj- 9 l (jX 3J000 <LxLoJo>^JI jxbboJI cJob .>o^jJ| 

.dolj-flJI ut*~<*o C*~u**J3 <gjJo_flJI 
3_&3 «> 5 jJI (jobous (jiLaoJL) ^y 33 _JI dJ3_buJ qjq cjo>t*o^J z'y> ^oLszJoJb <iJjbi*jJI 
Jb J^o-otjyjj bool dol (jjo ^JlloJo (3 JuuclLoJI <<io^LoJo>l 4 jLo^> dSbxij ^i^o 

C^LszJI CJl & ^jbu bb^sbiokJI (j\ Jo^>^b .JojoJI ^3 J-^-Q-j LoJJX OJxLouoJI (_>oXj 
. J 0 L . ( 3^1 - ■ : ^3 aao d_ Jl^j (^jjbouuJI jJl£ l ^ a Q- Juio^J c^-s-ua 5 33-^ 

<^JLo . (j^- 9 _) Jo ) 1 (jo 4 j^)_qJI iisjLsJI 33. jL MAJ& (j^b-XJI Cul> <(3jL^-bl 

gjloJI J-Sioo ( 3 j- 3 -I <LoJo> 3I iJbLo^o <LoJo> LqjL*; >oJl 9 Jl 9 ^o_^_Lo ilot-CiJI (jl 5 I 3 | 

c 

.Joljo >ols_loJI qjo <L>Juq ^Jlc J^^o-oJb d Jo-o- (jl 9 t^OjJ bb^jiij 
so <bool Luj (JJ3J 03^03^3 boolsb <jl (3 bJI (^ib^lSJI ^ 3 j -9 

J 5 ((jj^j .9 >oLol ^ob-b uo>bJI g^o >3 <Lt 5 bj^JI uiL^ojll ( 3 Jo>l ^3 .il^b^oJI CJoLoJI 

(3-JoJI Jl (J3AO3JI (j3_S2_JoJLwO (j-pj-Q-ll (jl (J-SU> UO>bJI .^jX-iLoJI 4 aO-Q -9 j 3 
JbJI (jl 5 (jo> ^3 gLojJI gJo_Qj ^JLlouo j)b (jobJoJI Jo>l .b_3-o l3j3Lso I 3 | Joiis 
dx^uA^oJI dL 9 j_S 2 ^oJl 3 <ij3jJI (j_o O^j-qJI (j^oJL) (3'^’ (j^-Sboi I30 j)bbJoJI jJ-S .g)l _9 
(3_JoJI uo>bo ^j-flJI (jl d^>o (dJJj ^oXjJb3 .^x^jJoJ^j 3JJI J^b: j^sJI gjj3-XJb 

c ~ 

>ols2_kJI ^^x^oiL) jzgJLyjj jb>JI (jb jbsl (dxbo Jl (J3A03JI JLc Ojb> 03b: g)LoJI 
gl-QjJI (jjo gJo .9 dLszjbo Jbjj! J jb> (jjo Cjibi (jX j^uzjJb jb>JI >oL 9 1J.52.AJb3 .d_S2jo 
OJxbuuoJI Jb. 3^bJI (J003-52JJI O3J03 djl bool djj5>jJI Oj-Jol .jO>jJI (jOJ-Q -9 Jl 

c 

.Jjibj (jj OJxbuuoJI (jl _9 

c 

:(jjj 5 >^JI gb>3 J3^b J-C J^li jbJI 
(bxjjl Jb LA93-L0 13*0301^113 (33-^l JO °boJI doX a] (j|jO>J| CJxbuuO 

(jjO jbiSJI J AjJjjJI JXI3J2JI (3 Jl^-I .Jjb>jj| cbJI J (3^bul y>^> (^b>3 ( Jjyoojl 
CJxLflJI OJob .C>jb> dJLoLs2J (jl U100 bx 5 Ojb> g^o Jx)Ls2jJI cjoxJI Jb (jl J3X0 (jbojll 

i^UjJI (LbjUjJI 
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0^3 J-Q-kJI ^oJLszj qI J^L^o Lo 5 LoLoj 

<U>jljol3 L^iJIjLSij 4S3 j_s2 j o ^3ji , Rhesus Monkey .^jxJI <LoJLhjG ol 
d3_L o 3_&3 <>o^LJl3 ^oj^LqjJI Jl jL 5 I ,Macaca ^3-LJI L^oji g 

Ju-c ^IjlszJI J 3 jJI ^ 3 jJI jLajo 13^03 q-uL^-LJI ., 3 *?>ll 3 uj-bLszjJl ^JLc 0-0^3-) 

3jcu qjJJI ^Ijil dl3_Lu ^0 ji, (^^3 1 juo ijjliLo ^j-^03 3J0JLJ c^oJb^uoJI ^LiJ I ^jJI 

<bj3J j^_x j >JLouJI ^jJa-oJ 1 JuLx 3 ^cu qjJJI v£J3JLuo .j^JLojJI ^o^yx_* Jq _9 jjx 

c 

Olj^O ^Jjl djjU JjLSiAJ dJ3jJb <J 5 UluoJI J^>3 <UJl~uoJI <JI I_> l 3 J>_ooL 9 
ol J -^9 (JLojJI L^a-Jas ,JI ojl^cI ,jJI ^Iji^JI ,JL>3 .>04x3^ ^a^JaJI Jjlsz^JI ^x 

La^jJ I . LoO-LcO ^JSbbjOt. |j£-l J lUu-oCX. l^S^Jbo ^jlx l a |o 9 b> LoLxJ 

^ ^_j_^uiJL$Lo dl3_Lo cUjIjlsJI dl3JLJI ij! j ^ lol 
.j\bjJI JuX _yojJI 3-6) Lob LoLoj ( {jja «3_ojJI d_b>_y 3 

c c 

l_^33'dj ,jJI <^3_)-^bl djx L^Jjo d-A..Q.. , s?. j jbSI ob^MI d_Lc <3 jb>j ^o-a_&>L£lo j) «A_*bLiJb 
<b_ 9 jb>jJI oL 9 j^ajJI (_yo jbL^Jls dJUS ^03 .Obl3^j>JI djJb JJX L4JJ0 lju_& -3 jtfl 
,^L>3 .ol3-^>JI >oJlx £ 0 L&j3»1j> cJljjJ >ob> <Lxjb>l olSjOJ ^x Oj3_Lu 

bl3-^>JI u-^J o^*b^l •tj^3-^ :> ^^ LXub*>l ^ >°b> Ij3vi^> dULcu <ijt 3 ^L?bJI ^ouXjLcloJI J^jI 
Jx ,joy>i]\$ J_9lSbJl3 03^2-^13 •iJI'dsJI ^yOuXsliLo dLLcu ^JJI Ju^3JI 

•5 JxbuoJ I 

:_pLo^o 
Sarah Brosnan 
Monkeys show sense of justice 
Monkeys demand equitable exchanges 
Sense Of Fairness In Nonhuman Primates 
Nonhuman primates discovered to have a sense of fairness 
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“ There can be no peace until they 
renoutice their Rabbit God and 
accept our Duck God. ” 


e 




p ^ p ^ p > 

AitaXil ALij Aj\ jvP\j 3 j^l 4 J) 0 LA-«t^a 4 AjJI A>-j (j La JOP 

<01*3 jj <01^1 3 La Js^P 4 ApLo^l 0jj3 A# j*£J (j 4 S^lj) U^Ioj 

. . . J^VJ^\^Uj3\Ai>jL^\^^3 JS < JI^IJ^JpU^ 

3 Joo Aj >J LLa ^*0 A^fcwJkL A^J&J jl)!\ $)k^\j£\ \ S>\jj 

\ Jo iggO »lp 3 . <Jl*o\L<^o jj> 4<oLjji^ A»a 65% j . AyhjS^l J^\ 3 

Aa 3 s^j Js*ll $ Jo**«JL Ol y $ JP *1>- Ao I jo jo oLO^i ^il <Lfa« jl—Jzil Js>>\ 

. 1994 30 ^° ^y** o' ^ 0 ^“' 0 jowOl j oLLL ^ jsi\ 

* ^ j^aidibc-* _^>e~ fa«i 1^0 '^oia^^^Ia^LjouOp! j 

oLolL J^. Uj-^l^il) 1 j^- 1 j 0 ^ 1994 ^^ 

jjl^lOl^jl La jCS'y . \ L«-*3 <JL^ ^ ^L? ' J L^-^l 1 |>^Ly2J jil J^l 

d)J\ J laj . J^ 0 «lll jL*l J-a.^ Lij^- ^ Ol» 0 ^ 

(J K*ys£- ^La\ ^ Ljt^^ (Jt!'*'^ Ol*o L*a ^jty L L^^ Jo-\ 4 1^ 

. <L^\gX jJl S' L^ \ \r^ OL*-j^Ail ^1 JoaL La^«a 

4oljoo Ijjyca (j'^O ^pL«^v9 ^yu-«^Pj 1 y^-*^ 0 |V<^L <t^yyi\.\ yjy>3^>- <_ ao ^j^|i Lai 

JAJ ^Xa uila Lajj ^ LUI Jl (V^»iX jSj 

j>\* ^ . |vA jil > w ■ •» .'^1 1 — -'^ 1 

JUA^SW ^ & 1 > go* o^fr J] J Wj ^ 

LaJsXPj . ^jVX^JI^a^Ajl^Sx. <LL?j 01 J\ (J^>-J ta ^*L? • |V^a^ <j}y+» <Ljg j- 0 i\ j)j 

J13 <L$Ul J) ji V lili : U\jj j J J-JI Sjjlj; JL. 

♦♦I ♦* P P ^ 

Ijj^S^ly .xgo (God is not great) <»p jL^j jl ^(Jj^ o^V^' 6) 
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^ZyX&y j.p j.>sJo N \ ^-xA ^j.j j.i\ V.^o\ \j^ ^\JA ,j\..A^ aoVx^” 3 A\ j\o>-\ 
A C-A*A ad-fc^^ jid ^AA^" \.J» \*jjA. < 5 <\lby Oi^AAj ^..^..A O^jAj 5-V^i^\ 
l^JJ^ AJA \y^yi JX^- ^-AA*..* <^Jy.>-y ^l.P^d>^AAV) ( jA*-> y>- y ^dp 

Ai jdA\^ ^.4-^kj ^3tJ ddA^ jA ^i-P dA jA 

^j/3 * ^ ^ ^\»P \.3 ^».^j\J.P^ \»«v,o Jo ^ \ 

V-j2-*-J^ \jfc>j.S^ \ JoS.5- J..^ ^}l'^- y V.OjA^ \iAA^ ^AiX- \j j.i\j ^1 ^.^.5 A\ (3 

^JkjA \ \^ A*o \ ^j\d 

, Vx^d Ao (ddi\ VxXji^ Vx.)jJ \j^ji ^-4-A*-J^ ^-A A*..C A\ 

^ \^oA.A ^j.jj.i\ \^xA •j.jjjj 6^\J.P ^jAxi\ J.Jj\ C3 J-^b-a^ ^ AoA 
$,\ J.p\ ^.Jk ^—&A^ A ^1 p dcs-t-A^ A.i'^i \.«£.A A_jA oj-A 

d£-A-wA\ o\A*~9 ^i.P ^jvX^A j..<Ai A\ ^j~A s-\j.p\ dA j 3^3 A.i AV j dfrX^j.-Ai 

5 ^^\J-P^ ^f , ^ j J.^d ^J— 

(^ A»a>s.^^v>\.\ di\ J.XP ^jJ.i\ 0\),„ A»^\ 
\ 5-\ J— wo ^<jj?t* ^\.P A_pi\ oj.A ^ 

^rVr>- A.J j-i\ ^jo J.i\ \ j.JS> (3 \ J-d j.d.d\ ( j>j\.A.>-\ j.j\.^*j ^j-^a ^.JiijvP 

M LS^ ^\ ^ a.Ap 0^ ^ A.*aV..£' 

A.Ajk\.J4 ^.^L>- (j j.43 dlA o\ Axj i Jw?-\ A\ (J-^-A-i 

A\ ^j-^“ A Cty^j^z J.>-*A AVj Ji N ^jj.^ \j.i.j\.5i^, , , 

j.j ^.p ^A*.j ^j.j j.i\ A^*"^ Cj"^ ^^3 < ^3 ‘' v, ^J ,3 

( O^j.pV^/5 

(^ oJ.P^.^A j\AA (jv^i.^.^ ^.^9 A.J 

\ j.^. ^j.iw ^y^<2.A \_A A>b.A^ o\j_A>\ b\ ^^p (^J-j ^AA oAj^^ 

(^J.A>\ a.j A^A-* ^.j\_ 3 
0 ^L ^r (1)\ j.i.i\ \ m>» A»/^\ 
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\ j«^ L < ^ ^ ~) 3 J* ^ a- a a ^p\»^t^d\ 

^AA^\ ^-d 5 ^ Oj.^Ai\ 0 j.* (3 dX*.A^ 

jiy> s-^-j ^j-dj ^ v AA s i\ ^j.j i jvP jr a.A\.A aA V«^.A 

dX*-A^ ^jvi-A^x.^ ^jl^> j 3 o^j-d^ V^j.>b.^\ jjA oV>b. 1A^2.\.\^ o\^j.i.\.\ 
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di.xi\ o\.^\ jiA, 


a»Aa\.\ 0 j.^ ^j.^9 <_3 jA\ 


l\ Vi\),„ -oM\ 

M\ Oj. 1\ A A^j 0 A^i ^.^Oj.i Aii\ (^ y£-i 0^ Va^ V V. A^jAw-^VvJL J ^ 

JA_5 S ^j\oA^A\ d)\ <^\ oj\ j.i.i\ SoA^A ( ^-*” /9 ^ 

^i.p ^j.j A»^i\ 0 A-fc^ ^AS^ X)y^.\.^\>\ A dXA d)^ j. ^-\ 

uA> ^ d^-5 d^.jJ.A\ ^3^ di-^p ^dij \j.j ^.A\ ojvp 6jV^.is?^ ^.i.^L\ a»^j\.A 
^j.^9 *A \ j.j\ \^j.«^.Aj *Ai A»^\.>s.d\ (jrwp ^j«w.A 0y^\.^.\>\ *AA^ ^y^A 

a.x^a.^- ^.^V^VA>\ s ^ A»^AA^d Ai a.^'A-^' ^- 4 ^-^ o\ jy^ ^*AA s j\ 

^j*j\.A^ ^4 ‘ > **-d}\ 6j\ j.A\ ^*4^ ^.^.^9 \ j.J^ A»A>x.X^9 

y\ ^ d^ti ii\ w^)„, '^' 
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oVj^\ ^.3 \^£, y X-£ U“"J - '^"'^^ 

3 A.3 ^*.3\ 0^ A»2>d. A»>B.^i.i\ ^.$\.Xd3\ t_ja.i.X>s.^. 

dXVi 0^1 o\.^^-\ (3 ^A->~ S-Vki\^ jvi.^sJ ,^\ a 2\3-\ 0^j.i.i\ 

v«-A V X<*^-wX ® V^3 i ^,o^\2 a)^\ ^ k& 0\ \j&.\\ A.J y *~ ft 

Oo\ J.d3\ O.Ajis o\j3\ \>X.& \.A> \^.?- ^-s<2.j «*_^\.X^s.i\ \Ajis 3 o\j^Ws.xi\^ 

^ ^ \j\. 3 ^^xp j' \ ^ ^ \ ^ 

^Xp dX3X\2\ \.XX^ dX.Ap ^^pj$>\ iS^j^ ^y.)\j.X\ 3 ^XS - * 

Cr* ^ ^ ^ £f33 S i\ \,x.^> o\ y& \.j* ^\ ^^xx-\ < j^v^^-jVj 

CX-3.3\ 3 0*^-5 X.**3\ d>X jJJ-X^ OV^w.iN\ (J)jA.>- g.^zVs.^ y-^.z\.\j ^yjs.*.i\ 

4.3 dX-ow.i.3 A.^a *A_ ja_J J^P ^.^ 2 .^ (dj-3'3 

^.Jk\ ^dXX^A ^ L < 0^ ^j3\ X.^P^^ ^ ^ X \ 0 ^ ^*^ ^»XX ^ 

i^\ 4»j* 3 U - ^"- f l£*XX ^j.^.li\ j.^X*.X A.iVi.J X^X^VX^ 5.V^A.i\ dX-fl-^ 3 

3 V .owj *3 ^j*-*3 ^3^3 


<*nv ^ v <3Y 


^ 1 VI/ VI/ ' 'O' 

qJsaJA\ j\jpA *3j*« ^A.X^ 



Jj.Ji\.-y2-^ j^_j\ J.X.J o3-SXX jd».X-\j OdwJ\ (^\ Ji.^ *S>^ j\ 0\-^-j\ OS-^^; N 

i-\ b\ ^ > 

Oy j-js^- ^“^,5 A.J 0^-^-<»-*-i A.^»i \„a 0 y^J^*-l N j\.»-^-\ 

jZi (J*- 5 . yJ^^Qjy^.'b 

,(y o j.^p i *^i\ <&>\ y^.^x.\^i A.jjvi\ 

3*-^i \ 

( ^ V.A.^.^.^« \j\A.P (J^jv^»-i.^w.»<>»i.i »^.p\ Aii\ 0^)5) 
5.\-3^\ ^j\.^.\.A«.\*\ \^3 w>k.Xj N \ ^ 
(\.^3\ \j\JlP \jj^.p\^),,, 

(^ ^j\.^Lv3.\ L^^-^-i N ^^),,, 

N Vj\ jvp A.J 3 p\ ^\j J.X.J ^.^L^P \.A>j.^ A^\ JV.^,,, A.^j \ 

l j\.\»\.Jti\ ^..A \j.>-\ A.J j^p\ 
(^ \ ^J.jjwi\ <i5i\ JwXP jjji 0\),,, 

(^ ^j\.^.\.^.\*\ iSj^~ ^ 0^ , , , 

(^ yk Jwp\^ (^>3.^3^ o\),,, 

b\ ^i\..>\. < y^^\j \i\.^« ^.1.^.3 V^.j\ oN 3 

^ l ^ ' '' w)> 2^ — *-^-P l S A.^ iV,^ 

i^JwAp oAx-Xj 0\ ^ij-i ( -3j.ifi.i\ \jJJ\JLp^ \jj. di-p A J>-S\ J»^k5\ 

dXAxST ^i\ o3a ^"^5^ ^*.*.5 J»3a.^" J.j 

X?l3N\3 3 J.SX3 ^-£3\ \3 a ^ ^xk\.\ 


Jij^ .J^ 
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CJ y.\>\ A.*.J \_.a A_i\_ * "byy-^ (3 A_o\ C)\_Aj.i\ \A_A> ^.J^.>- J^O. J C> y.^y.\}\ ^2jLA-jy 

v^XiA..) 4.0 C)y2^yJ (^A.i\ <&\ ^A**.i\ \.-aV$ 5 A.?-\ j.jfc> vdA-Ao ^-5 0 


. . . AflJLd (j^V-A-X^^ ^\.P oV^j.i\ (1) 

Cj\AJLx*A«\^ UM\ ^\..*.o\ A.*.o (J^ Cj\jVoA.i\^ 4.AN\ u3*^|\ jA jAvA.\ Vxi ^j^jX . o V»a.X,o 
y a.^-jla^ a_A>\ WW Sy-s^y \j\ s \ <^A^oS\ ^_j\A_*_i\^ ^>s.A-\j 

j.jis \.>s.^>e.^ j\JLxp\ Oj.^Lj d)\ ^V-aJA?-^ . a.A>\ $y>-y ^a.p ^ \A.^-\^ NV-a-x^ 

ylA-l-C. ^>e.^-\ ^.a o\.>s.xlA \ Jj.>- ^l.P 0 ^Lo 0\ (^V.aA.^-'nJ ^V.^Vw-A ^ * * * I \ 

A» yS» J a U\ i j.>-^ ^a.p ^\ a.Aa s o o\ c3 l£^ i * * * I x ^j.^y\>\ 

. <^\.2.X.]\ o\->S.xlA 1 » * * I \ 4..S..W.0 A.>S.1.\.\ 

a.-AX^ j~a\ y-^3 1 uj.jt.vJ A.i\.,v*.\.\ oAjis (3 ^VvL-vjVj O^-kj-J 

4 . 0 j y^&y o\AA\ ^\.>s.^o\^ U-v^: V«^.p\.^.j\ V^UV 0\ *\.Oj.o LS^ 

A»J^\.^v.^ ^a.^<2.X^o 4.X.&\j.A\j £j\jj^.i\ ^a ^y^VjtXj (^A.i\ ^.^J.\.\ bV^~ ^\.^X?-\ \A\ . A.\.-^\_vvo 
U\.XoJ*xA\ A.i\ # . aJA\ ^y>-y ^Xx.\\ i^\.a.2p~\ y&y t* * * I \ >X>s.\.\,\ oV^- (3V^X?-\ ft 4.^-w.xi 

. ^ VS>) Vo OVj&jJ 4.0 0y2^ y\>\ A»i.^\.p \ jA *^.o A. 

oViV^^ ^s<2.j U. AJLx*.j 4.A>\ l-kj-S^ y-':'^ 4.-^2 J\..ft.A\ 4.A>\ X* ^y^y^y y_^\ 

0 j.^X-wo V.& ^y».X^; ^JxA\ A»A>'^\ iA.P ^j.^2 ... \.^.jj.^.x\» A.j^,ipj U ui\.X^^.^i.i 

5j>-y A..oVi>^\ 4.A> V ^\ oA.Jis ,j\.j ’. « \-x.\\ yj\.J!ij.i\» .. ^Vi> N 

y_5^ $.\.AXiN A.J ^j\.X^J.\.\ j.XA^i\ (jvP^ ^P 5.Vi.X>-' S ^\ jjb A.i\^ 

A.^^v.j lSj-'^"'^^ A.AjN \ T ^y^y^y A.^>»^<2 .j \.X^.i \i\ A.i^\ \A.^ ^y>-y ^V».X^-\ .. 

1. l\ U ^ oUf JV^x^-N i* ^ |x ^ A.>^^\ o\uf 

<^A.i\ A.i^\ i ^ 5 ^ a.A>\ i ^A .p V^\ .. oV>B.xi.i u\.iV».x?-\ Vxj^ A.>ti.\.\ ... 

(^A.^-Vj rj.jzj\}\ V^\ .. A.^.i.j 5 _\.a^-\ s ^i.P oj\j.^?\ s ^.Pj A.j ^.j£\.j^ u>^- / ®3’^ fyM 

\}t>\ 5y>-y ^A.P V^\ .. ^.^a o\.>B.xi.i T ^y^y^y A.As’^1 \ 

... (^\.^X?-\ V^,^,A aJ^\ A.?-\j.i\ A.A>\ ^y>-y y\ 

%% 

V^.X^J ... b.SLi> >y>.>-\ y A.i\ i^y^y.Si.^ u\.X^®^.\»\ C3^ 0\.^j.i\ \A.J^ ^y$^\.Xv.^» 

(J,\ <L>\.^j\\y o\.i.-sfl-i\ A .a)lX^ 2lA»S\ 2ujj\.iS i\A.p\ i J\.^X^\ 

... jSL+0 V^.xlxj^.5- y°°^ A.jV^ V i\ ^i-P \ A.^.^V.3 ... V&Sy^y ^A.P (3 A.^-\^ (3V^-X^-\ 
. «A\» JlP u>X^j.L\ OV^J J.P N ^i-p VxjV^i \A.A>^ 
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V^\>j3 ^\ ^ ^ j V>) 


(A^o__j ijfy Ajjl^il OJ_j--Avali 3 *->*>■ 

“jjujir y. «JU Aj\S^ . j^^l^AP^PA^J^il 

I A^j A -s >s-vj^(J'^vul) (jLftj 


»\ 

% 

^ILv^hAl] 2>j>-j^m 4jb\ V L<S>J\Aa^P Aj\S^ ^ U 1 A^>j 

A^l culil^- ^ <AjUvi^il A^^Ijj Ailv«v»^& jU jil 1 A.& p^--^ 

:“jUAiyij ^vj^^CS^i/lSV' • • • 

• • U (J^ 5ji5 ^ J^)(J^ 2>c - , ^ ) 

: 3 ^A>-*yi3jic31 




D JvXJ 


A A CU3 A A A L^< Oj-^> ji 

. o-^'uA!” • ^UliisUiUUj^ J»j-J3sUlW>b 


J^CmaaO 


A A A 1 \^ (V L^i M Jv^ 

^ * ^ ^ ^ ** .♦ w *♦ 

y^^P A^ \ u? uv Jo A^l^y»ukj£>sJ\ Jjlm Uj^>- 

^yk\j »w»pjil juo Aji^- j 12 pL — Gj^) ^£jp jvo* Jy** Aiailiil a a^j . Ai^A^ 

^ 1 Js-^ J • A^ca>&^ (j*] c LI • — 

4 JJ Jvil ^jiJ^2J j£> j (J^i <w^r. j * ^^PaXII 

<^b jj), J^ l -^L? 

p-oij ^jLu) IjJ^J ^X> j3dJu^JL« A.>eL^2^ j\ ^J>- j\ Jb^l^P V^s/^O 




j>A*J 












I 




? fldH ftUJt 13(^1 Sl^.1 jJUoJ 'ill 

Female copulation vocalization 


Oljt Ol3*>ta)l (^ib-1 Ijj^d Ij^wJ jOLJl 01 HaJ-o AjjJfij 


• > C5* OLJ^Il 

♦♦ 

laj*U<2j jOl Olj^'il <L*>lji Ifu; JaljP OiAP Aj^laJl o jjfc j 

.yij3i *t$t ^Vi 

jl OU^gil 4^JxJ O^lp J IOsjI Ijlj^l OjjJLtfJ j;^SjJl 01 ^Pj 

. _#& dUi ^ j£\ jUi u SilP dli?b, v^Jl jp Vtf 

j^a^^i^iJbtsFCV 
j 4ibw o^l ob-lw _J dU^aJl t *l£jl t “5jJUJt d^ib-Sr t Pl^dl t 

Jbj 


£jj tjuil J*~, ^Ip) 4 tsy-St OUl&l ot Jjb-lJl Jip-'j! Jij 

JsLi«Jb 4^b- iu<w Chacma ^.b ojyiii ^ 

UaQ , v ^ .t 

J u^JaJl ,, j^-Jrl lw*>jU *LP j-L^jOail j^£)l &JS- O^lj^l 0^>L)1 
j^^jl Jjifl? j c j-iJb lg*L^ J Uli ^a O^lJl 01 jA dJUi 

JfcL^ J * U ^Ai gJl s-U-i^l j^£j 

. <brj) l^rj £UJr! j 

aj^OwJi *p oil^wJJi J FCV 
FCV Jl 01 lJj ? «Jl jwJj .FCV Jl oL*>l jwj&) OljJaj oJP i3La 
0^1 ^-»j3 bJ ciJ^ Olj-^1 ktJ? 01 Jl jw J O^lJl *LP 
jP jJUJ Olj^Vl oJLa jJUa? 1 01 Jl jOj iJlaj , 40?b^J 

. 4x«b£ ^<iJl jSlUl j^p 1 j^SlLU ^wfcw^l La^3jj j 

cOlhWl ajib-t ^a ^ i^’il ^Ip y»>a iJLa j 





. “hj±\ oliljj-l iUL»” J 
jTJJl tfb- jP OUjLu dJiS" frtJUlt 
£“ y'j^' 4>* j*~&< c£>^' ,ySUJ £*~>i ' J > 

£ 

.ofjib j^Sl 1 jLu> 0^" ^ ObjkJl 
<lL^1 Jab**il ij* 

FCV %a <ujji te ? ji ja . ju j? jdi si FCV 

i-iuU Jj sjpj d)i J u) tt £ y-Si olj jJ' 
iblic ot j^l dLb ot Up iiji.1 olil jJ-t 

j*A jjS j Jlsr jJl oljSSt *U » p L»UJ # _JPi» 

J?UW ot ola^'i iJfcLl J_~< J. P tOLalyJl ^Jb-I . 

v-^8" , 8 j*Ul ^ \ -UP kUn*J 31 jdi <Um.U*1 

Ol**i ,^4-iap (*Jaxw p^dl t U^r Uj j_o l$A»J 

jAj 99 Ua. AjjLuu OlJ^i Ig 1 ^a flV J^kJl ibjLuw 

. Jbrj)l *lp U 
polyamorous J ^ j*H id J$b 

J* *bO*)l £6 lujUi l<MUAa ,, 

Ojb^h >lp jjTJDl 


^x3 *l*J 

^ j ,ujl» oir ^uji ji ^ip j*l> U 43 oj.a^ jbjtj coif bi 

."k^LA^S Ax^sJlj Jw^.3 jJlii! ^1 p c3j,xxJi 

k*.*x\j ( 3 « kpt,*3 Oj .^2 0 ^ c 2 A»w^xJl 4.^l^j 

J.*3 <LpL»o 0«Xl» l*L^& iLo ^P ^»$»;M ^J.^AiiJ JuT^y^ 

Y* J^- W ^ c 5 A Ojlj.*- J ,Oj.AwJl ££*b 

. bj.5.* X?rjS 

dj. jp.Px.^S H\ J j.*^j Oj^J 4 .£xx 3 ^ua ^ir <w*lk Xj *X»%*.X 3 I 

. uib 

J^> ^ ^ixxi jf .^iil J U kUx^lj JjSh UAj JL^i iJjjixJl 

.OLJUl Jj^k* Ua JjJb ^ *>L1§ ^iJl j-xJJ 

.cJ^Awit 4.XX/J jULaJ Ixlx^r. j.^iM'OjJi 

. ^ xil ^j»Ji AppI L£*i ^*Jl j^Aj y A^xi \ 4.^ \.> $.1^1/ 

J^p <J A cT^J oUAiSlij J.^llj J*y\ li; \j.*fi\ j.ji.3' I 4 J b 

0j.^5.1a? ^.SvIaJ 0j,*xx^l3 Oik £#W*t J \ 




^j^SLA .<LJ*AA*Jb -P“ jJ) JU*X.*>I jlj.3^1 J.^2.P <LJtjwJ 

4.,aUpx.X.*»)lj JJbd) OjA*aj IjJ IS* c^aIaI) 1a.*>*A3j 

.j j.^S! i J.r J jcp-f 

j.A c^A^wli jlk) J 4 .a*£jj 3 *Aa*J) j.SCaJ| ^ki J-* Jjf 
J.* <U) c«^4xl) J.P 4.Jli^» cM-AxS* J JjJL> A ^ 0 % 0) 

.OlAjj Jj ^lx£ ^1 1px.4A j jJLo 14 xpx.*a j c4.i j.4-w^»' 

cJJLaIJ \.*.«£.*.j J.3) \ cjiJXP £*AxJl OjiiJ I <3 0 j.^J'Aa*.]! 
^>4 ^Ap J )^lk , r ^*i .JUIp 1 a.*aj jjAlJ ^4 ; Up <3 <Up- cAp*)j 
jOl Ob^) I J.42.3JJ . JJ 1 *J) ^a ji?jl*.X.> cCA 3) lyJU 

j.A*.mJ| _)3“^ <S^ ^Ajj^Xplj 

UJUJ) j^ikJlj 

jP A.*,bjAA j^P . Oj^SAJ ^ i l P ^A^i 4.A.**A3 ^A C ’ 

jl k??l£-\ Oj^ c^A^kJl ^l*A <L.3 l^j oApj JJbdl Jjj j.i? 

^i^A*Jl ^ 4 .PH 4 P f> A d c( ? WVl-W>>) (^Jb *U3b j£j 

'j 

l4^^> J,-® ^a I**.; j^txJ ) 2LLJUJ I J 0^1 a,a j.iS"" I ^j.*A jlS" AaJ 

<w*:£ ^ U 2 A cXjjj^a jl£$) J&A3 X^yi ^» :^*A J j.Aj .«±3 jJ 

jp I Ua A^ bt *^h c X^SmA c)15 U»4 ,d \s*** v^* * ^*UaJ 0) 
^.i» 4.^s.lwA^ c ^ j> 4 ^; \X£j.a l Mj .oAAlJxllj 4 .j^^xJ) £tj^ 

.«^i<X^J 3 1 oXt.Z'b (j 

* 44 ^ 44 ♦♦ 



tp^l^j 0^13 .(^WYV->niY) 

ci! J^d Of J.^.3 c^j.4a.3t 4.jj.kij cJw^l^xJlj J.4 AaxJ) uU?- 

rt 

c*a 3 J-' 0 tV J 1 5 Ix^o I oir 

^1p 4.aJ\j ^ ^1p J.AJ.P ^.Al J.AJ U^A^kJl 4 .A^w1a1J 
Ob) 4X^J cj) j.^2.aJ j-U^aJ) ^1p ja\.*a\ ki.3 £+P-i * 

(.jA.lpx.lb cA^aj.j Oir .li^AXya Ix^o T * * oAI ^UJbtJ! J.r <Ubj.kxj 

jp Ixxi 1 ^P" kXP s^xr . 0 ^3 4 aJU ) ^ ^ A^ AAAXmwJ s_ 15^3 

:«^» 

!(— 4ji) ^ ^ J l^AxiP xhj.’i l4X^ly J l^^ki 1 » 

<k.^^xJi i^«»*a)^3 ^ ^1^* (j; *** ^i • 

j.^1J Ip- ^.Ip- j.a Ua Oir UA^kJ) j^i ) j.3 cA$ 

^iki ^lUJl .l»w^bj jxi)j.A] lA3j cl^ij.r UT ^lUJ) .Ojl^Oj 

(.Oj.l^'i) Ua . 4.X^.i ) j.3 cilAwXr) ^j.1aJ) lA^kj . j*JIps.X,o ^j.^jIa 
Ua^vwIaJ) bli5 3 1*^ . |%>1 a] ) j3 ^j3 Ji.r <3 ^UpfcX»%A 

.I^pUx^^I ^j.UJ)j 

^uil ^**a) liir 0 s$*xi c£*lil j^j>^ ^Iaxp^I 

Ix^kJ I j A4 x^)j.aJ ^4^1p"j Ix^ki) ^ f. j.p- j.a c01^i)l) UU^-1 

.(— 4ji) jxi)^3 ^A c l4^«^ J ^b ^A 

♦♦ ** 

JwPlAwJl JwAAwJl ^A CUilS" C^IaJ) 1^0 J IP J^Ap- cjoIjiJl oAa 13j.p.^ 

j^a.p bir c jj *^j“3 .j. 0 xp Oj.aJ) j 

.«01^.i)h ^j.lp ^i» cj.P“^ ) J c«ljt^kJl ^j.1p ^i» cl^Ap) 




.^Ua .4 jJtJl j.aJ| *U^-jJl U^-*)L*> ^A 8 il*i»l 4 .J J. 5 xxi I 

OlA J.J ,. 4 .Mo j^P «JwA*ib OjijP Ujj» Hj.Aa .Jjk.dl Jj 
OlP^h UiJ fciSj c o * j I cOj.il $ j « 1 p <Uj^jjJ| AA**t.LAjl 

a-JLib 

j^^l L£*i %l j 0 y$jA \Xa J.r cOlAxilj oliliCil Uol ^1 p aULUM 

. 4 .J J.^cxli 

JmtWmA lj U»A^lLp l^£<Lp ^0 I l,.-*--^-— ~-b I C 

I &*£& £ t.^ , —A c ^*b***wl» I 4 c^..%»w*»i I J iSs.^- 0 b c ^^»*^s .»*3 V A &.*A 

v ♦♦ v 4 L> ♦ ♦ v ♦ ♦ ♦♦ ♦ ♦♦♦♦♦♦ \ -* ** 

.UAk^o *>1^1 0 *>U^Sfl Jw*£ .JJUJl I4AJI.S5 

.wLajI JjliT (Jl iU*j J.^s.xi I J.i <LA,*vwl 3 j.^“b cl^A ^j.*A dJL*> 
Jj .<Ujb <Ul»lP ££^U,a ^ c <0 U~J I J ^IIaJ <U»wOj b 

.Olj^cA^I ^*A O^J* Jb .JaaJi ^Iji^l ^ IfJLT 

^£Aj 4 .xi.^i 3 01 c^j-liMj 4 jbl £ j.^-j b»b 5 ji ^ £«* ^.P jJb 

b jobuilj 4 .jj. 5 ^.xil .IjUaaJI OtbA 4 .^5.0 i£*A.A ■j£ JjU^xlj obJl 

. tX.fc.t'A. A j I t g> A c i^yj^>AAml I J^^^Aj* j I C 

iiillj c^U^aaJU jl^Sll j.^a.P c£j£i* 3 ^ Up 01 Ua J^aJI 
0^ajL>j c^Jl I j^'il 0 j.k^w^ c JJL*il J s-Ua*.*]! 

.<LiL*J^h 4 .A^ t kilj ^ 3 1 j J.J I j ^U*J^!l jj.*UJl JaU ikP- <J 


.S-UJl lj,j ir C 0 J. Ai I ^AUil 4.A^)^\.3 j jl j.Wl j.* 4>P Jj£*Aa 

J ^ ^pi' c^oaaj .^.u^u lyjio of J ' j.^.p ji £ 

^.Ajl^3lj ffs Abl y $, li^-b 4A^^Ll ^4^kit^ ^ .J- ^£«wO L^i I 

iilx^JV jt OblS^>- bU?- jo ji tj^k— Jl jr.j 4.jj^iJl 

• • • 0 ^ 


J I j <d l j ( 3 j-^-o 1 do ^1 p oj d J I y^^~ 

j'x*p\ do lij J.33 3^ Ljkjjdo cl) j.Sdo do Ij j j.o jdJ I j do Ijj.Jjja.JIj C^\jyJi^^\y 

.oL^I^ 

c— o I y^ j.% ^y^ ^ ^ .3 *0 L^.^.^vs.^“ I 1 ^ 3 ^xj 

oLjPll ^-jJu„ 3J1J1 $.Lj. 3 Ji ^jji Ji>.t jj&j Particle physics 

^gPdj . L ^.^.3 4 .J^L AA ll oljJLxJl Jl A.iLo?l c I j oLo. UijjSii 

j.^.iij *y <Ljj*yi oL^.^.^4 - ^ /j-- 4 j.j j. jt j i o*y c<ljl*ji 4.31I2.J1 $.lj.3 L02.J 1 

0 oL***> ^oL^J JjjjJ^ (j-^ Li> J..&L.O..a ^*Ja.X^wj Jtj 4 .*x.^ia.Jl 0 ? jj.OJl 

p.x 3 (a.JLp oIp^) a.JL*JI A. 3 L.kJl ol: oLjySlJ'yi jl o L jJj jJ I J.i» cLxJ 
Lxj j-l~ I w..-* Lpj<^v^.a ^ * a. 1,^.3 ^.xj L» 1 -A_j 5 i . L.4* L~vx 5 " I j ^ ^ UaJ I 1 4 ,a JL^- 
.jdJi oijjjjJ. 1 (0U2.,* 3^ ^particle accelerator 
l. 33 Jvs.^ jlS the big bang ^J^Ji o' U 15 "- 

i^xSj is l« ^_j>.y j2.-j.02.JL ^jL*j *y LxxSlJj t s.x^ jL3.,a ^ y a 3>» 

c^.SjJ I 3lJS (3 L* 3 P a.5.xj oJ->s.xJl Oj-Jt^J^x^j M »Ui*Jl 4 -k~^Jb 

^ Jit O^XJI 015 " L,aj»xp (3j.Sv.Jl J2.JLU L f>\y>- cuiL 5 " 


0 J..E \ * * 0j^ L» 3| Ixj J..>- * Oj I xJ I 0 jSlj I Oj 


3>- 


U” 


P A.A, 


5xJl ,* 


^ P e 0 ****l. 


J 2 ..J..& (jv>- A.O L 
3^S" 

xJl ^.^.Jfi.x^j ^j^xi 3jjJ I OlJS $.102.5. i I J.jtj ^SvJj 

. L& j..*.j L*j a.L>j.1 I Olio 

V* J .yg J^a ^) J J I . ^ ^ ^C^.i^vwJ.J ^ |. • ^ ^ 1 1 ^j.>» L ^ * . J J ^ 

\ E=mc a.^.j j.^v.^^.J 1 a. 4 L.J&..I.J ^^.4 •■“ .1 1 ^ *». .* Ix^vXj ^ j jj L 3 ^ ^ l 4-1 


(m/s rx \ . a a ^yoJi 3 $j^Ji a.p^ cujL j^ C c UxS^Ji MaitkJiE^ 

3^ J j^s.Xj 0 J.J>-I j 4 . 1 ^.JtJ 014.^- j oxlll j 4 .S \ L2. J I 01 OJj-U Ix^. 

o^LlI 01 Lx^-^l \Xa> ^Ap j c A. 5 LJa.Jl 3 ISC A>> l 03 111 oij ^ 

oLj.Jji J.SEx ^1 p c^i 15 " a.Sj.^ 4 .ilj£? olOxi 0 jSlJl 3 oxj^jJ 


-^1 


l^.Pl j.il OUa^I 0 j.Ss.5 


0 


— ^ ^ 3 w\»^.U ^y^) 3"*"^ J I — ^ ; jy^l\ ^yy^y 

.j.aXvP I c L^o 0 4 .p y^j'* 

do LJLJLp d ^X^lj 3 ^ 4 - 1 J L4.P" I ^.aO 5 j j 0 j a j j j^j- J I ^-O 5 j co.^.x^ — Y 

. 4 .J IxSvJl oL^tL Ij. 5 .J 4 .l 2 .^^vvJ A.^.J L^.^- 

4.x5>- ^c. 112.^2.^ jrj ^^.Ip 3 S" ^=.a. 02 jj ^LJfl.x^.ll j J.3 cuJjL^ — r 

vU I ^lx^ j.^-1 ^^.Ip ^ji ^.Ip 'y j^-x 0j.Sl^ l»l 4 .j*y la^.p a.x 5 ^j ai.i 

. 4 s*x.*jp 4 .j*y L^ij 

1.4-Xsa 3 ^ j.j d.j I jj OjSIj 01 3.I I j $.Lj.^i.Jl jv^al (jxl j.xj (jL5.ll — 1 

j-Ip Lr^'^-A.l L^ a.a^ *Oj j a.^v^ J ^ j-^^jll la^ -) w ^-* ^ f^ 4 3^ 

L^^.>b.Oi LI c oLiljiLl LJIj Lpj x 3 lJ j>- 3 Jt, ^J i L jt J I ^- 4 - 5.1 Ij 

3^-Uxll i LjtJ I I A 5 > ^^.4.3 L4.^.1p 3-jIj 3 jv^l 3^ $-Lj^. 5 J I jvXpI 

: L4.pl L- -0 I O^-^^-O 

^U 3 1 ^. 3 ^ ^ d^.Xx.0 

CdoLS^ 03 Ll^l j^^dxJ V^ypj .2 i)y^j\jy^i\ 4 *jL^*^jL Jl ^.>- 

L^.J I ^ *d^ L,a3? l^,^a.j2.j I 3 3 ^ ^ *do L^w J I j2. J I 

^Ll^l c ^1-A.d I 4 . 0 ^.^.^ O^Ll^l cl)^ (J^.do L^i CdoLS^ j.d^P 

odp jlS" Jlj d-A.^j.Jl L^i c cdlj^Jlj 

o^Lil j! jLi ^ijj-o doLd^i 

; ^.x.0 j»&j atom L^^Ip l j.>e-Xj *y Oy^x . ^ L^.d I 4 . 0 j-Ss.^ 

,^.^a.p Lx J I 0 J I -0 1^ d J I <w ^ L^xS" I c !j.^xo ^ 3.^ dJ I I 

ojdJl ^ Liloj.SC»j ojdJl ^5^^ ?? Ij^x; V Ld>- doljdJl 33^-^ 

(Jj.0^ ^Jj.Xo dolojjA.SCjj_ j (j^jJ 3^.^ ^JlJLxo 3 1 L^ I *LJi od^-j 

L -0 lj 0 I 


3 IS 3 (3 ^ j j. 3 -^ o I j j. Jj-i. J I ^J.p ^.>3-1 Owl^-lj 3 4.5tJfiJt IsliS" 

jl J-P IJ.P — 4.JI <bjl jjl 4.ilJfiJl JS" L£-iJl jV-^4“' J-* ^>J.^I jv— 4“l 

J-* ^J-^l 6 j'j->- <J ifilkl^j^-S" £l 1 jlk; 

JjLxJlj L^_Xj^ j Lj^ \$,y*!p ^Jj.1.] 2.J ^ (I) | C — ^Jj.l.ifi..Ll jJL*^S\ 

JiS" j>x~sS\ £,L* *Ax* 3 c yxS <J I ^ liSl 

liPfcj J jjl (_^J J .43 jJJJJ JjjjSfl IJLP ^Jjll *j^aJl obiy" 
I Jlj& <_£jLw- jjljli 4.JI jJjJl 5 j.j 2 .Jl JfT i y2-^ bj-wl CUjIj Jb>- (j 

s. ^ r ^ r * ♦ *■ s. r*i t 

2 4.j ] J^<*.Pj X I ^cJj.P ^\jJLj 4.^3 j! ^(^ 5 ^ ^ 4.-5 1 ^IP 

j j j.S3ll 3ja.l3-l ^A.*.XC^ ^y2-*.J) I 4.^^^wO ! 3j2.i3-l — 

joIj 4.j^/ C 4^-i.i.A-l 4.J 43w\.X*wol j.X S^*)!\ ^3^ I 

4.X*wo cl) ^.3^ ^ ♦ * 4 .Jj.*Jx 3 I c ^j-^J-J I \ y^~ ^AjJ 1 4.J 

^ j-^xJ I ^lp c ^j-^sJl 4 .jjj.j^Ij.J| 3jiAl ^^315 LSj^ 

4.X3 o^jl j>~ 4..!^ 4. J I dj V>~y\^\ (JAJ^5 3 <3jil..Al 

. ^iir Y,vrJ 

cl) i ^ j.3 J wL^.j c cl) I 0 l 

(^3 Ul jJSII y jjjJl ijiULl »l .*.*3 
C JjAlS" \** * * d)j.SCjl 3 w\.XPj ^_jl^\ V% ♦ 

J.^b u, b (jlj Oj.X -1 Ckbj j\-5s.Jb! I (jl 5.J j b-i I (_£j.kJl oi-X^lj 

J3j £ - *y d)Ls" 3wi^ d)j.S\.ji ^y+p\ \x&y 

oIj j.j j.i.Jl ^31 ^j.jj.J^.jl c^j ^.J l olj I j L Jxxi I 

y.5\j.b.j L^I^1^2 -^j 3^^ 3^) d) j.i.J 1 d)L5 ^ Cca> 

i_ S^JI j^Jl J Xb ^JlJfl.^j (dJ-lb Ji”^j 2li.lx^ 

Oj-^-il £.j.*£.j j.ilj (_£ jJ I ^Ljtkibll Jlv^Ij-j ^j^-Xl i^Ub Jl^j c oj Ij-X I 




4.JI (Jl^l J I 3 cl) > j.x^^xjj.j 4 . ^ j Lj.^i j.j^ j j.1 

iUl JVI 4.j I ,Xp/Xirv 4 .^j } , 4 ^ 4.J ^1 ^ p t^.XC> I X $..>- fl) , 


%v* wlj^ 


1 ^-^i.j (^ 5 -^J c 4^^^-Ulxi.^jj.^.^s.Jl Oj.i.lJ 4.3 1 J- 1 o33l) 

. ^4.^^wa. 3 Lxit^ oL> 4 -j j.SCll 
jy-^i I 4.Pj.**3- ^1p c3j.^.Xj cjl Lx^Ip o^Lll cl) j-SCj — 

4.j^X^yw^ C-P 0 wlp C-P L.O 1 ^ 0 ^^^^ 0 ^.a.SLsJ^ Cm ^ <m «*0 i.3 

: 4.1.^^ y ^ 3 13^ 

^ d)3j.xJ j.j cujIj 

4.3^3 1 C \ <lX^ 3 ^-^’1 ^ J-^ J :d)3j.xJj.j ci^^Ij - 

j.X^ j-^-i COjlj.^1 4.ij3Jt 4.JL^-I 3 OjSilji $,^,j^-\ 4.3 LJ^ 

4JIJJ2.I! Oj\j.^-\ 4.^-j^ 4.3j.^.^ 3>j.^fc.X jL*Jl 3 3ji j' l 3 3 - 5 S^ L ' 4.S11? 

cuij.i jjjv.5CJ0 eV/k * > * * * » a*U A j l»j.^.i yj CXJ Ij 4.^-^3 j Cj 3lJ 

J v A |Yrx'\,rA.-\.s..- jt (^iKJi 

oL^j-^U 4.3 LkJ I J ^3 >ja. Jlj (Jj.Jfi.Jl 3 ji-^J^ j-A ! j.1jj^ ja.jIj — 

l^^ljA-SI jl ^.^.xll x3xj I jl C-pIja-3^/ 33 4.^^w^3Lxit^ jj.^-SCjl 

Ll& 3 cD^y j!^d.*3jJl ^j-P ^xll X L^.Xj I C 

«j.^^yi J’*^' C ^l» <3-J^ \>-y\*\ ijyb ^3jlj(3^xJl 3^x5^^ 

ibll» ^.>- j-ll Jj.l 2 .Jl jl^ 2 .i.jj jl j.^ 2 I^J I £^. 1 ! <w^ ljA.il 

. «(ijjbli yi 

Ikk^a 4.^^^.l2lkji.^jj.^.SCjl Ck l>- j^-IJ ^^-J.ll Jj.ifi.Jl Oil ^A-^ifi-J bj 

Jl; j ^jdl JIj D ^^-jll Jj.Jfi.il ^lj 1^.15" 4.;l (_^f c 4.>-j.ll 4.ilJfij 

J>bj.j (l»j^.i^ 4.>-J.ll jl) jj.Jj.lJl 3 2LilJfi.il O^lj 1^.15" 4. j I 1^.5" C 4.i t Jfi. J I 
^jkpLi jl ^JA-JJ J b (_£ I 4.il^-4 j.^fi.i I j^> ^>-j.J.I J jJfi.J J ^£.>-jJ*l 4.J jifi Jljj O^ijj 
4.k^.Jt^ 4.Jfi.lj j^-Jt.; ^.Jl Ol>-j.ll j~& ^ijv.Jl — ifilki^jj.^.SCJl i>- j.J*l 

^5l>-lj.Jl 4.J liJ I ^3 

i —ja-J I 6 ^ bj^ 4.ki lifi L^v.Ss.^" l j j.; jaJLJ ^^-^.1%! (J^JfiJl d)i j.S3.j 

j^AxJXXjI djj^J I ^iL*Jl 3-Ji J.3 j C ^cJj.Jj-^^J 4.3 1 Jfi. J I lx>j.J^ 2 l^LxX^ 

d)^.3"^“J cJ^-J^ cl) T ^^.^2-J-J ^Sy^X . Jl 35" C 

IjjXl 4 ->~j^ l-^SCp ii j^>bJ I jv^Xl ^IjtJol^ O b^;j.i 


Time for maths 

ou yal j.j o-o \j X I Oj \j>- j ^ = ^A**--^^ I 4.3 li> 

4.0 j.SixJ 4.^3 IS^ 4.3 LJ^ ^A V' U 0 j 1 j>- Ah 

jaawoI| jJ jj 4 .aX.P Oj \ j >- 4.0^-j.S = j L*J.xJ JJ O.J l "T Y A mc jaavU-I 4.ilU 
. ^ o 1 L-^ ax,^ o j^^-xj ^ ^U I a.aXxJ I Oj 1 4.>-j 3 4.1x,^ I o a..& j 

j.i.15 " OjaU ^ i jjjA.SvJ'^i 

^ir OjaU mn>r : Oj*ii 
j.jj.15" OjUj \ oh \1)Y ! Oj J-aII 
^.115" OjaU ^ * A A A ! OjjjjU I 
j-jj-lfT 0 >ja!j ^ ^ * Y - I O ljjj.7 jaU I 

(3i <«— 0-lj j ^wJ^J ^ L^. j2. Jl ) go IaxII ^5joJl <3 ^l oil 

^ JxlJ ^*0*6.-/? 3 wL,P i^_jl^.j 4 .a.a 3 4.J jaa*a,>- j.A 0 IjaJ^jU I I O* lj Ja.Jj.jU I I *^j I 
^aXj c (Silll) jl 4.1xSllJ 4.1,3 lo- oU»»aa«aO^- (_5"^ J spin (Jj.A.11 Jjj J. J I 

Uloll YAx.aX.j 01 (jUjA,j.,U ^.Sv.^. U CaaO- Oi I j. j 3 — Uo^l oIja,j.jUI 

• 1.^.a*s.J«.j 4„..3 jA_fx.i | 

^5 ja>.xJ i v aav.u 4.u j*y i o> i 4^ Cj^ Cfc^y* Oj.Sv.Jl <J$ os 111 dj£. 0**J 

oIjXaUJIj olS^IjSlJl L£jc ol ^3k.^v^wvv 4-1 ,i AJL j| )^j Iax. 1I 

• I o l) J.a^3 ^,.*2.1 J 4.aaaaJ ^.J I I -J 1 0 . . . /O . 1 1 0 wL.& J 

O 1) J J-A^ (jjj-J J.A aJ I J 0 J-J JjU 1^ 4.JJ jXi I o l +>J ^.^VN.J . ol jj^lll 

... ^l^ 1 ^.x.aav 0 ) 1 >jja..&j c laU. <o 1 )jjva^ t II 0 ) 1 >jj.a,«j ? k 
lj£ jjlxj (j£ I 4.J JjU I 4.J J J.A j I Oj.aU ( ja<.aa 0»B.XJ jJl OL-3 -aa>aoI| L^.AJj.XJ 

i oljj^Ul ( Jt^.^i>.jj 

Oljyj. J I J O lj J.J I J 4.JJ J.JL J I o L oil : oljjjlJl 

■Axaaa0>U (^jl IwIaI oIjjvaAI ^pj.j 1^-a^ Ji;l 0j.axa*a^ j^.p 

oLSjlj^lJl oj YAj j (. 


0 j.SlxJ (^jl ^o>- lj.ll ^SlJl j.j *)! I j.a ^1^-1 ^jSlJl 4 .a.a 1 oI| ^Lxaa| 0 jSIaa^j 

. 0 j.SlJ I 

jytfi 4 .I 0 - 1 ^.^» ^3 Oj-^Ji c^uji ^1xa>>u 1 iuj ja (j,iJ-i 4 .A.i.ioii ^1 xaa| 
L-^-aa^aJ^j-Uj^ Ji-jlj J jjS^l I J.U Olj.^-1 4 .J 

0 t 3 lSv.il 4 .jj Ij.^ OwiS ^LJl jj 4.13 LJ^ ^ 2 . 51^0 

^ ♦ jJk 4 .^jj.Sv.Jl 4 .^jilii-l Oj Ij--^ 4 -^-j 3 ijl J. 1 ^.^.J jJ J^jLj cl)LS^ ^.Slj-Jl (3 
Owl^.j 4 .a. 3 j.j 4 . 3 ^ j.iS^ I 4 j LSs.^ C^i-^ J .^.3 Id.^ 4 .J jJ >XjLj 

^ j.Si Jl 4 ^jilii-! Oj I j--^ wloJ.^c.xJ 0 j.J I J 4 .^wjij J. 1 ^.^.J 

Y ; VT ^ J-^-^l ^Lx .^^1 4 .A.jilii- 4 .^ 3 lSv.il Sjlj-^l o^/l ^.IxJ l)j.O 

: 2 Lp 111 ol 4 ~l 0 jSIj 4 .aAa 5 ^ 

. ^l I A '^ ■ «1 1 3 J^tAj J A j I j! J lj J ^3-^ ^ ^ I aA . J l^ to^A^ C_J l^yAAAV^l I ^3j A J 

4.3 lU ( 5 jIaa.j 0 1 jj'ji-J I 4.3 lU j jSll jl C-a^oJ C 40 l^ oLaaa^ Jl^aJ 4 . 1 x 5 " 
j»-AAAA 0 >- (^1 4.3 ll? 4 .AJ.A .3 oj 15 " llj jOf! jl 4 .^-lxJl ol^.AAA^ 0 js.U 4 .aJj.S 1 aA^J| 
o 1 )jjj.aJ| ^ 1 ^- t a0^- jXj 4 .J li ($. joJ I 4 .Pj.a*< J jaa*a 4 “I 4 . 1 x 5 " i X ^IllC 

X A mC jaaaO-I 4 . 3 lU jlj.i.» ^J IaaJ 4 . 3 1 Ja J I j.» 1 ^. 5 " 'A ^.^4 jl 4 .,oly 2 .xll 

. 4 .XP JLjJj jl 4 .^-lxJl oI^-aaa-O^IJ 
4 .X 3 lS 3 ll Ojlj.J -1 4 . 0 >-j 3 ^ 4 .Jj 3 o- 4 . 0 >-j 3 ^aXj I^.Xa>-a 3 4.3 lU ^.^31 Vi ^ o^j- 

olo L^,- 4 »^WVV 4 ^i j Xj 4.^.3 LS^ Oj Ij-->” l)j.S 1 j l^wlJLPjC ^ 4 .^.^-j.^ 

^l xO*y I lU jj- 4 4 .XaX. 1 | 

Oj Ij.O- 4 . 0 >-j 3 0 &J.X j 01 l j.r O^J Oj'AJl 4.3 LkJ I ^.j ^J- 

Jj-Sixo ^.Jl^J.Jj.xJl j 4 .^JL^.il oL^il 1^3 IJ. t o ^Jl Oj\jJ-\ 4 .^rj^) 4 .^*Jl 

wlJ j.Xo ^Sii 4.^.3 IS^ 4.3 1 ^L*.*J^yi (3 0 (JjSlj l-^wlJLP 
4 .^.^.P 4 .^-j ^ <*^0 L^.^.^ww 4 “ I 4 .J I I 4 .^.*.i I i »^0 L^w^.^ww 4 “ 1 ^ hA.^,^L 3 1 

. 4 .J 4 .^ 1 -^ 4 .JL^^o JlSIJ JlJ Owl^lj 

^3j.o 4.JL^^ ^ l)I jv-^-il — 

^ 3 ijv. 1 J JiA^il j.il Jj.J^.Jl jl^ ^^^^.i?LjLi.^jj.^-SCjl ^t^^l o!^ 3 jJ 

( 4 ^Jt 5 ^Jl 4.3 LJfl.J I JlS" c^AJl) ^j.^1 


X o 


4.JL*Ji 4 . 3 II 2 .JI ot: oLoLy 2 .il 3 jll jl&LxJ jlj j\.J> cA5jlj.SiJl 

jjSUll oUUAJ cAjoj.J-1 3 LpLj cASjjSiJl ol S"l p Jjj 

. UjT 

t ^ J j^^_ J C ^ \ | J I i .j l_ Jjf ^-*J (jj. AAA J) :e jjji^Jjll- 

^j.-* jjjojjj- jjjv.Sv.Jl j jSIj 4-U.y.P ^P ^vlXXjj C 04 lj 0.J I 4.J jj 1 J j>- 04 lj I Xj* 

oyjjJt sixT ^ uri/v £1 4.X.1 a.S" C Jj.a.^ lS *-1^ I l) J-J J.J 2. Jl ^ula.o?! 

04 I.X ^x.X ^.*.j£j 4. j jl + \ 4.XX.>s.o) UjJs.oJ I V, ^ j.,4 j J J ^ L& ! p j JJ J jvJ I — 

3 j.l.ji iijij^Ji u^o ^ \=(-r/))+((rh)x y) uis^js" 


< 1 /^ 0 jSixj t c^ljOJl 4.jj. j 1 3 o.>- j.j f.x.4 jjvij! 3 jxU jj-4 j jjl j jl X 
. oj\.-.S" 4 . 1 xS”" 4 .J j ,jj JSj o L jIp o LSj I j£" t o^ LSj IjS" 

oJ I Jjlx^ jjj3U :n jjjjjoJl 
Up cjUl Ur' j ^r ( * =(V'/x)+(-r/ \ x Y) jk*fi 4xx^xJ 
jjiCc (cUjjjj.J 4-U ^*.3 (_£ 0 .Jl J.-„>-j.Jl jj.jjji.Jl jS^LL ^jL>-jjO.Ul 
'j^ UL>- U^jx.* U»j j 1 x.~a J>p J^ cc^jlp 3 jJSJ 3 a.1.1^ JylSj I j.5" 

<j\..>- Ij.j2.Xa^w4 l)j.SCj 4.X^sJ j c cJjj^^-lj cl) J-J J J.J Jl JJUvIj AAj ^ 

. 4.J J X 0 1 jj 4.X,y.j2.4 
; l-g- 4 .^ 4 .jj.U>- oljjj^U * oljjjUl 

c l_^>-j-4 71+ 3 jjj.^j» : ^JjJl 4 .j*Aj 4.x»j objjUJ>l 3->-b Tt (J, Ojj-r 

xJl (Jj.xjt^ 71 * Ojj-^-^j ^ U>*.uJl <^JU< 71 — Ojjr 


J- 


•A 4.J 


tU-v^-^Jl j.^».Pj ^ ,j^j j j.^ Jl Oi-S^ji^j Jjj.1^.^ jlP jjj^U I jj jjj 

A 




. 5..;li i,tx 'i . '-Yt 

4.^.1.. SA 4-^.X^.U I .*- J I — jyP ; ^ 4 1 c 0 * j^^>^.J . p Oj-ll 

.0jj^.5CJ*yi 4.1x5" oj Y*V (^jl -A^VwJ 

r©Y * 4.xlxS" ^JLj J JtJlj ! 4 JlSCJ j l)j.X^a.J !X J t 

. 2LSLJfl.Jl 4 .JLp oLoL^l! J ^ilAxS"! 4.1x5" 

J.II 2 .J 4.X^c.JX J I J (V j.J jj*j]\j 4.J j^ji) • V J-^xJ I 

C 4.i.^^2.Jl 4.JJJ.JI Oj.i.Jl ^Jl O^Pli.xJl <J ^^2.^ jl 


^j^jc ^LUxj ^ IwL^.1 ^*!ps£- *)! 4.JJJ.J oL^a^a> ; o lljj.-A.il 

O I5j I jSlj I 4.a. j Lxj 

4.J 4.^.J jl 4. A. j lj J.A. J lj cl) j. AAA J 4.^>.l5" j . 1 j Lj j^Uj I 

, j^j ^J j^^J L5" i s ^ c^jl)j<*.llj 1) j jv^^ J I ^ ^4 4_^.J 4.^. j 

l-^l UJU- AiXjtj ^Jl jl) 5jJtXxJ o*^!j — 

(3 OiUlJ ^ ' jj-jXll Jl^-Ij Jj I jJSi iJjlj^Jl * iJj I jS\J I — 

wL^P L^> L^w.4 ^.^.j ^ 4.1^.5" U ^ Lj L^.aJ I ^ j^.^J I 4. j jJ^j 

ol--<»-U>- (Sjy A ^j.U?l JiSj • Ojr^- J'bflj 0 jjj jyJ I (j\-j ^I”v2.4 0oj0.>- 

c downji^ c up^j.lp) . ^l jj I 4.x.~o .iJjIjSCJl ^Ip ^'Vl Ujs> 

(charm^UcStrange^j^Ptbuttom^plictop 

iJjlj.5CJl : U-i-U bUpl Jxi ^ 4.^^+^ <oLx^0» olS^IjSClJ 

-r/i 4.xx^j4 down ^LuJi iJjijSCJij t +r/Y up ujl*Ji 

\WK Jp Xjji.j lx^- 3 l5 -^-^-I ^jl-v^ll 3 ‘oAS"lj!j 5 dl t_ 3 lUx 5 "l ^ aij c 
3 JJ^J ^1p 0J.5j.» 4.^X4 4.JjJi2.j 4.J^I iJlxJSi jlS" dlJ5 JU (j-^-Jj COj^ Jj^ 

4.1^. jix^ 1 ^_XjJ j A^.li 4. j I ^5 dl-^ *3 Ua jis" ^<J_5 oIS^j-SCJI 

(3 J.J o j a.j? J^.a. 7 wlS j Ij.^ o ijjlj.5" (^1 ^^L*J 

Jj.i.; c Color confinement jjlJi ^i-l ols^ijS^Jl 

j.p olS^IjSCJl oAjtXjl U15" xbjj' ol5^lj.5Cjl Oth UJ.^- ^j-Jl ojiJl jb 
J^.i. Jb ^»Ui.lJ 4.^.j U ^ 4.i ll? J^ ^Ixj**.x^i cU^ j . ( jA-*-J' C-U-*-; 

J5sJx4 ^1p w\.U I J^ l^.^.02-*-j oI-5jIj. 5CJI JlxJ Lj j(j ^.S jIjS" 

o3^ jl r® |*-4j.Jl ^Ip . (Jlxll J^^< ^1 p objjJjU jl olj j.j"jji.5"toljjj^U 
oAji> jb j j J. jixjt j $.1^.1 jt Jl rjj> aj^jtJl jl *yi c^lU^- JSCu.j oo-U^ ^ 

j-.^s.UJ j.^.x^ll JUi.Jl c-.pAl 2 .xU U jl C U^-l' 


U” 


^^j.^.SCJl Ixj Xj^j j.5s.J I 3 Lilr! J-^-^J' Or- 4 ^ ' t^-S" tSjUl olSjIjSCJl 

.Lattice QCD ^SjuJi 

Up jljtJ I jl j I j5\J I X0 15j I j5s.J I J--^ (j- 4 ^rlj AJ I 4-jj.j jl I j jS\.Xj 

(3/-^' J j j jl I jl a ^wJ C L) I ^Xaaav.^ jlpj.xJl jU^j down ^^ l.&*<c*s.J I J 


cr 


X o 


4 J spin jJi j.js> oj j j»Jl • o L> j j J.-.J I ; L*j lij 

c Z.A.jji')! I 4.^.^ L^^f I jiiJ 15" jiilJ 4 .].>j L4- 1 L ✓S^^wW-V 4-' 

4.JU-1 tT ij J d) 1 ^^J*j ^AX-JXXj 1 —j jJ OljJjJ.3l £*x7j 

. 4.-^ j.-g.^J I 
; 4..*.^ L^*y I J.5.J I 

0 j. JLJ 1 j 4.^.7 Lj. 4 ^- J I 0 j~3.J I j7 ^Lx J L 5 “^ • 4.-w*w^-v.l2 Lx.*.^ j j. 4 ^- J I 0 j-JL J 1 — ) 

3^4 AJl 4.7^^ t.*.^ 3 ^L.>c.Xj Jij L-* ^L*Jl l-&d.^j J-3 j C X^c^3^Lxi.ll 

0 A.& c 4.3 l-^ll l^^LxxJIj j J. 4 SC J I 3j.-3.Jl jolj ^Jl-5-j ^ c 

4-j2.^^2-J I 4-Jjj.X Jl 0j.-3.Jl ^jilj c Oj.^ ^ (^j-Sl 0j.-3.Jl 

j»&j photon cl) j.7 ji. J 1 j-& Sl^^L^j^SCJI oj.-3.Jl J.^L.>~j c 0 ^.^ ^ 

. 4.1x53 1 ^tJlp 

(_£ jxJ I L> jSl.^ l * J-^-j Lx ^Ix- Jfl.5 LjI ^jxJ I 0 jJj.J I ! 4j j.jJ.J 1 4jj jxJ I 0 jiiJ I — Y 

(^j.51 ^-^j c S^L*J1 (3 xALo^- 0 j.5 13 L 4 X-U j.itxxJl c^j-5 ^jtiTj 4 .jj JJl 
4 *..*.^c*o 4 .J J AJ 1 j.x J 1 dl^- -^-wj *y 1 j 0 ^ 4.-w^-v\.-wJ^ j ^. 4 ^\. j 1 0j5ij' (j - 4 


^ \ o j„& 0 jiiJ I 0 j—& (_^kA.^^c 4,»..>-j.ll <xxj L>j.j jJ I Lj-^-^-J I ^ilxxJ I 

jl 4.51.^11 OwLjk ^J,l o>.jjLij 151 *^1 ^.5.j *y Ljs>jj.jIj o^ (_£^ ji^.*.z.x^> 

<£y£ 4jtjijj.ll Oj Jfl.jtv 2 .Jlj 4.ili5lJl (3 (Ai J-5' 

t «oljjj^Lll oj Ji J I 0 J .-4 j j Lxj 'Jj c 0 jJlJ 1 oLa 5.J djljlJ.j j I ^ j^s-JlJ I 

,A.lx^.Jl ^S*w\.X- J--^J glaun J) j.ljt J I J"^ 4 jj.jI.JI 4 j j jlJ I 0 j5.J I \->- j 

LjtXw*y I JlI J» e.xJ I (J^*y l>- ^ 6 J-JiJ 1 (_j"^ • 4^.^Jtv2.J I 4 JJ j.JlJ I 0 J-^J ^ — V 

ji^i. i*» \> A —)o j.jb L^jb <^Jl» c P Lxv ^xljtJ^'Jl J.1 j>s.J15" 

0 J Lj£ 4 Ji^. Jt v 2 . J I 4 JJ j.JlJ I 5 J"4^ | J 4 ^.^>^.ii? L^jtJ» J^slj I 0 1 j. iJ I (j I CU.J aij 

7 1 (j Ijj j j^J I Lj^ 0 ji-J I 0 »1 (_J L ' 4 ^J-^“ C 4 Ji^Jtv?J j^.^.J ! 0 jiJ I 6 J.j>- j^» Oji-J 

. 4.1x5" o!5 ^j , AV 

j.S l^-v*<Lxjj t L^-v2.JtJ 3i J-^J' <—j4>- ^lx- J.^.jtj 0 ji ^JS> * 4v5l4“l 0 j.S— i 
4 il_l! ^.jj>s ^.^3 l^Ss-Pj c L^» 4 ^xlx 5 " tajJfl ^jA-j 4v 5^-4“^ 

I JlAj 4 Jt j I j.i J I ^Jx*-^p\ ilJ-l oj.Sc L<^ 4 JL-aj 


J C ^i> jlj ^JL-cjij^j.J ^lL^.Jl 0^ j^ JJ L-i; d.3 j Llu Jl1^c-A.JL5^ 

^4--wjj.^.^Jil-3.^'l lwl^.1 c_3Ll* 1 J.j^ j Lx-wj JlI^c-xJI ^LjljI o^j-3.-3.^ 4-SlJ^ ^j.^-j 

4-ilAx5"l wlij c 4-S l J 2 J 1 

^j-^c-^-xJ 1 J.^.j J.SCJ j c 4.1xSCJ 1 j.xjj.j j^.xJ 1 j 1 \ S.j J.-3.x^.j cl) L5^ 

clA^l iJlx^ cJjjlSCj^l 4.1x5^ J Z^ S 1\ ^tp ^jt-v^J 4.1x5^ 4-J cl) 1 

^lj.jl Owlp 4.J C J.XJ ijj j.-cX J 1 4-lxSCj ^^-Sl J-Jwl^txj L-^jlj.^l_ jl 4-jj L^- 
Vt j.XJj.j j-J jIjj c Vp ^j.-cll j.XJj.jj.a.xJ 1 j ? Ve J^xJ 1 l 4 X^ 

3 I-Jxj ojj.5"j.ll j^xSCJ 1 cl)l c jLi.il XjIJ-j 3 L-^5^— 

^4^7 jl c 2 lJLa.J 1 4.5 Lis. J 1 oli oL>»x>L^ 2 .il 3 0^x7 tilj XpL^.Jl ^l^j^l 
^ ^Lx^ cJj-^iLi c cl) j-SCJ 1 4 .j!wL*.S^ 4-3 Lp 4-SlJ^ ji ^7bj.3 ^LJiJ J^^ 3 L^j.-o.p 
diur jlj L4ij.A.J ^.Jl Oilil ^j.j (^1 Jl^SC-^Xs.7 3 J 1 *^^ 

. diJJL^ J 1 J L* v * vn * J 1 j ^^ p L a J 1 ^ 1 

4-J l^l^2-^ o3^il o3-^ J^^-J l) 1 4-ij.^.^ lwlj>- jv4il — 

cl) j.5^7 4-XX^c.^X cl) 1 lJLP ^xLjjlJI t4Ux>» cl) j-S3j c ^^1 xL-s^ 2 -C c-3j.^.j 

^ ^ 4-XX^c.^X C+ L) J jXjj j.J ^PXj ^L^ 2 -^ d)jjX^J^)LJ ^X-^i C 4-J X-v^S" Lx.^ 

^^ ip 4.3 4-3 LJ^ (J^ L 4 1 4 J^^c.-wjj Lx.^ 0 L-w-w -&j ^) L-ww^^L-^j L^ hX-wPj 

(^j.lx.Jl iJjljiCJl j.l^.J 1 3jlj.S\.lJ Jixiljj c X L^tp ^L^.x^| 

lj.5v-^J Jl (j^J j.J>e.X^ LjtJ» j L^Xjij j L^J»*)Lxj (j^.-^ - J -r/r 1 

Paul. A. M. Dirac jluJi oX>l^ 2 .il oL^3l 3 >j.^-j.j J.^.xxJl 

cl)j.i.Jl O Ixjj. Jx*. J 1 4 jL3 3 Lj^J. 3-1 ^.J 1 4-xJxl.*.^ ^J-Jj-J^ ^P C 3lj.J^ J j-j 

Jl^- 4.1 Aij ysJyJ) 1 jj^SJJV 1 c3y LJ- jr 1)1 j O-^^- c/j-jj-Xx^.J 1 
cl)j.7jjj! j.j^ cJjjxSCJ^yi cl) 1 I 4 X 3 j JJLxp! c 4-^S^L^.^ ojL-X>L) j.^x-1 

5"l ^<ljj c L^.xi j t_5jj.jtll t_^->-j.ll wl^.j>-jJ I ^^4“^ 4J^I 
oiLil ^j.>-j ^lx Lj L^Jl dlJ5 jl5j 4L1S <o Ijx^j J.jtj ^Oj j^5lJ*5 1 x>Lv2.^»^ 

. iJ'j-p 4.J^ L^.» 4-^*c-^ ^1p 1jI-&jJJ 0^L^2-ll 


cA jjJj-j cl) I JwAA jLjfB.^.j*^l J.x.j ^.-vJ L^J I /j-- 4 

j L^.l» o* * * J,! J.^2.j jJ lij^.Ji> l^jLljJ- (^.IJa-Xj ,L&j.;„p d-J j.SLj 

>^>d 1 J *L*jjVl fjJ J-^ _}*--* ^ f .cuJj-i 

Y‘U 

<«P L* 4 ».LJs. J I 4 j ^ !jJ jJ 1 ^^y.JL J I £,L«*. 3 ^! C |%—L^..LJ ^ 

J ^^..^ L^p 4 j . J ^ 


J^Jas^ar Sam, 


a/20 



^Ip 4JL^4^ J. 4 J 2 .J L^JL^Jj C cl)*H Aa-AlSO jjlP Li) JiA4-! ^^3-! j!j./^ 

A.^3AjL i.* j j.^^J 1 OjJlJ! d)^ l^ji.*.v? 40 ill <LJj.^Jl ^Jt 

ojJLl! j*.Js..*.^ d) Li !Ai>j iSj^ IjL^^-I 4.JAoj llL^A c 1 )j.SCj 

^d..*.J! d)! ^AsJIj c3j j»*.l I cl/^) 4 ^ 2 -*^ 

cl) LjLj j j.JL J I cl) L> j. il J I d) 1 L r( . -(- 0 + ' jSL^P (jJ J L^wJ ^£.*.^ 4 ^ o »j>JsJ 
cl) L^*.1J (jfrjjJb LJs j\.P cl) Ij j.i L ^.43 J. J j^^.3 wl^ Ij I j i 4 jA**-A-J I j 4 j j. J1 J I 

cAj.^!j ^j-^c-jlJIj ^3 I ^ !jj«^ l)L^ 1 ; j 

^yp\y^2>\ 4^.0 L A'! 0^.-£.J Jl^L-A*! ! d) ! ^5"JlJl wL^; C^cdi-J^ 

4 jl 5 ^Jj graviton c!)j.jlA!j.p ^pAj ^ 1 p ^yj^ 7 3 L.&J.J a^j./y^ 

. Ajl^IJ! ^rd.p c1)j.SCj cl)! a/y 4j! 4 jj.1s.jlJ! oLA^^A-! j\.AJj Ljj.Js.j 

J - 1 *^ 

^ ^p a.3^ A-^^-L^^^J oAll c-pL^^^S^! ^*jp 4 j! ^*jJ^j ^^^! z^.^-****.^^* 

olljjA4>! ^L^.^ .j c3j^A^ (3 Y 3 ^ ^Lp 3 LAAp j.^.^ cij (j Lpl I 

^ '/.<W,W S~,.~4 J.rtx^ 4.JI Y^Y j-J^i 1 j c )j.^ Cj>^- <JI 

«j.A.^. j^l^j » J*AxAAy ! ^ j Lj^jij ! Lo; ai d) • L^liti j.A.^ d) j j j.j ^ j 

d)! c^AJ! ^^LiJl ^jLjj.AJ! ^o^ooJ! jLJ^| 3 ^Lp 

4^0 LA! oj.i oJ L5j c jt-^A-^J! jL^A^! ^jlp Owl-^-Aj! ai 4 ^.^ L^^y ! ^jJLS! 
— d) jj jA ! d) ! 4 jj.Js.jlJ ! 0 A4> Li.^.Js a.iljLjLj j . ^ j- AJ ! 4^.jlj L^-jl^j Jl^.j 2. j 1 L^ J j ! 

— d) j-j j j>J ! 4 Xjl 5^ Oj^ Y ♦ ♦ 4 jlA5^ ^Aj c Jl^Aj v? !j^i ! y^ ^ 

4^. J ^ ! oL^^A! /jp j.^c.^ J L4 4 ^c-jljlj L» ^j.jjJs /jp Jjj.^1! 

c L^xlxS^ 

^L^S.^ As. A J.J ^1 ^j a.S^ L) 4^^w^^j L^l^p 0 ^ L^.t^. J ! 

4Pj^o 4^.3 Jl^^.j cji^.a.^“ cJ c 3 ^LI IC^ J ! cijIj^^^LA! 

CjL jj^Li! 3 . L t jjA $, j-A-J! 4 Pj^> 4^.jji ol^ J! obj.;jj>ji 

J.-J? $.^.-j 2 .Jl 4.Pj-v^J 4.jjli^ ji-^SLil 

jLjfs.jj.j'yi c_3jj.i? JlJ l.£ (_^wLJl I J.i2.^ S J I ! j.J£> 0 .jL aj 4 ^ !j p c L^^ I j L^^^xj 
35 — 10 4.Ji.^s.lJl C_3jj.is> ,jX.^2.A ^C,yl^A Jl 






£ ^ ^ 

l . ^ J l JL. J ^ *-X. J *-A.*V^ !j*\.P' ! C-P »-A..^^J ^^j\-. ^ 

?^jj *y 4 .xJL^j L^xS j . cl) !jJL J L> *y !j! . .AJkJLl-! J-1J 

jj! ^ ^ 

.L^k^* ^ l *.^')1 Vj, j *y L^k : JLS j jLxJ! 

Owl^-lj Sj..kj (jdJ 4 j! (3 LwoL^^j <0.3 j.1 I !jjk JiJL)! 

^1p .-kiLi o^^oJ cDb^f! ju oLSjj.-i.Jl j Li ^J,LxJ L j 4.^^o!^/y! cl)Lo*yJ 




jl ^-oA^>-Li ^»bl ©J..*J Ij^iS”" is ^joj. ll IA.& J. . . . # Jl lS> 

. ^a > ^ 1 taX .£.*.<^.£ ^ /_ l b ^ S ^ wX^“ J L £ l ^ J l ^ j3- J h — ' 

<_£JlJ Ij C-Jl +j* ^\j\ oJ.P *-L*.J . . . Ajj.sC jij 1 JO J.I 2 XO 4.^.^-lj. 1 a.^U-b J..*o! 

?aX)1 5y>-j j ^jb^^l 4.^-V 5 ^lp Jl-JjJI 

. 4.^J l.C.t A. J 0 t-X.^ • • • 3 twX^“^J 

?oT ^iJl j ^JUJl jl^V* a^ ,iu • — ?J4i *y UL.f - 

. jtJbtJl ^.jl^JLil objbi Jjjb J cJ^K^y>- — 

jjl L-S.J I hA. JLs*Am^ i^\. 0 J«^jJ ^ l_ j l^. 5^ ^!^ i jr^i" 5 — 

jo*Jl j L^> j jlJ ^j.SCx j! tlwX^-lj jlitf. j I ^j.j ^ l-ijk ^SCj ^ jl 4.J*y — 

•(J--"* 

wXjtJ j jOb*..* j\.P j I Jl^. 3 J.jj\„>- oX-A 4-^.jj.jtJl jJijJl 

3 J.«..x.j 4.j| j a.^ 3 j^.x5^ 

^Ss.^- J-Jl 4.»J 1^2. j I (j^J I jJL) I j 4.^1jtJl 4.A.1JI jt-4AJ.J J Jlif 

4J^ OLc^I J.P ^1 ^c-xjl ^.12-X^vs.J ^1 4 j I ^Ip c^j-JwXJl Ot)b>sJl.j£ 4.J Oj.^.ii> j-i-i 
<j£ JJl ^y?j.^.x.]\j 4.jLjTI ^.^.P J.J 4.j 4.1 Jt^- lj? 4_A>- 1^. j I 4.J j.3 j.j 

^-iij' l^-jb jL5" J J j J-Ss.il JlV^I J"^- 4 j-*' J.I 2 .JI ^^2.-*-^ 

C 7 ^ all) j Xxb! I 4.»X»I JXlxJl l»JUP ^-L jjS\ ^»JXp cl ^*>lp 4.^1 p 

,4.jfs.Pjl ^ ^5" ^jv?j.lb 4.jt^ Cl^J wXjI- I 

Jji> ?4.J^f X>- j.j • • • • C_3 L-vj I ^ i -^W*. ^ b, ,A)f2 j2»j I A.J ^ L^ I 0 *m\m^mJ 

j ^.^ 2 -i. J L> 1 ? o-i j-J I ^1 p cl) j-SC^c-^j I j. j L5" I cl^LJ i ^ 9 ~*^ 

cX*- 11 J 


’ ^ (J“* 


t a 


'^1 J j.^>s.^.Jl JO ^j.P 4.^.j Tji.Jl oLjLSCJ-I 2 bjj o.^.J^-^.^1 j Sjlj.ll 
Lilj.^- . . . .^c-^^c_^.Jl L^LSl^ j cl)LoJ-l c!)j.J^-j J ^oJl ^jOp j 

.L^Ip ^Jl cl)Lo*y 1 


^ I oJ.> oJLJ . . ,?L^-X^.-C^ 4.1^^ jJ.7 L^.^- Ojx.^.j cl)! L» L»j.j jJJ oJ.> 

L^ J.^p j cLoij.^ /jp Owl^c-Xj Ljl5" j 4 .*.^ L4-! J L^wIjlp 

oLpL^J 4.xij.p J o L>- 1 4.^!jdJi j j.J^ LxSj ^^2-i.j 4 xJ L^» 

cl)! J^S^! ^1 p 4.j! oLv?! ^ c!^ jL^ 4 .jlSCJ oLpL^ j 

dJLi c^klJLS" 4.1^4^! ^ 5 ^-^ oJjJ 4.^i. j LS^Lo cjL^^j'y! L)j.5Cj 

jx.Sv.i.xJ! j oijp ?4^iJ ^Ip Jl^ j.SCJ j.j j^-^ ! ^Ip d)L J 

Ip j.SC j ^j.^- j .... wX^ 4.Jtj I /j.^9 I J.^>- 


LS' 


L^ »-X-vP 4.^^.jij ^ 1 p j jJ ! L^S" c^lj.l! ^^3 ! J ! L^.^-w.» <^ j! 

j ^ ^ ^ ^ * ! ^g lp ! ^—4 L^.5" ... L4-.J L^>- Oj ! j-^ ^y L / ^^rjj 

...o.^.^ ^.i! j 4.^.^ ! j.^ Li j.^- o!jwl^c-^U ^^J.Jj ^J^L^.xj d)j.^^ L^J.jlp 

L^cJ ! ^j-w.-^J j 4..&-^ji.^^! ^jp 1 L-vJ ! 4.-^1 4.1^^>>^y ! 4.^“ ! j ! o! c— ^j ^3 L^.^> jj 

.L^i.^i.^- cJj-SCj cl)! jv^-l! V ^! ^.i! j.J! d) LS^ cl)!, ^ ...Loj-J! j-p 

^^f! ^Ip j JJ. 0 I! j.SCjilJ ^.^JLk^ Oc^.jIj 2l^L 4-! 4.1^-j.l! j 

j.^C.3 ^^1 p ^.Ik ! j4.JkS^ j c !j^.x5^ 4.^j^>-! (jJiJ! o^j .3 ^ j3 j.^C.j 2.1! 

of jj. -i.J L ihj.3 4.J OjSCjij XI > L^^fc.^.^ j .j j jj.x r^Ji 

JLJIj j ! jj^y ! 4 ^! j ! ^^1-s^w.^J! ^jl*.***.^ ^.l^-^l! 4.^.1S^ 

L^-.-.j c ^ J ! j ^jb.^.^c-^.^-vvl ! j ^jx.^.l^^s.1! ^ 1 p 0 ! c 4.^15^ l) L 3 

^L-4. J ! j ^^^p ^L-vj ! j ^L^J L o^)Lx J ! cJj-^J ! 4 .^.^^^ J cl) j.S^3* cl) ! 

(jj ! Lj Li c c3 *y j ^ LSCi^ ! 0 L^j ! ^ *^^j ! d^.xS^ . . . y** 

cuj ! cJj-S.^ l^^IJ! j-^kJ! J^lJkJ j OwXO.x J ! j Lji^.o j ^.^-^xJ! J oj.i 

iilaUL) S^SXiJl oJxj& ^jxJ cuAS" 4.JI ^1p jLLLii Xi^.J j bl j 

4.ijj.J^.J ! ^Ip a3^I 0 j J.^.jtj SXJ 0 j.^Xj cl) j-X^ J j 11 jl ^ J 

X^.^- oAIp^I ^1p J?y^*-i 1-^-— » 1»j.j £-p' , l jJl ^ t ^Jl J 4.^^^1l 

I j jt-1^^ l^J.>-l ^ (j^ijwXv 5 Ol j Oj .^4 oil <3 J 

I i a b b t-X.) I v L j I * .P - ^ ^^^S*bxJ I 0 ^ **X^P 


o t 


%i cVL. ^Jl y i\ji H L. ^ 

l J 4 j 1 j , J jl j ! Ow\.^"lj 0 ^J^«&J 4 jL*^^J1 l, 1 

j A.>~j.J>^\ 4.LjL^*y I dd 4XP j L^2.» J.x.j •yi *Sp_ 'i ^jjji ^uj jU-^u 

. . . . * f.J w\. J I i ± LJy 4.^.2 i S jJ ^ S t-L J I ^ J.^lj J . ■‘/^ J ^ J 1^^3 jf I . ‘ JU.\.^L.j 1 4..\..^W.£ 1.^*4 


Jl J^» dlJJlJ 


o-jjrv-j jl ^ 1 p L&IjJ 3 J I yi wL^l J I ^Ljl-^l c_a->e., 

(_£jJl (Jlj-v^Jl jl I j\.^d.J JijL* 4jj.JLx.ll J 

4j3j5L! 4JLjJ.j cl) ^ ^^J-ll ^5 j.J ^x.3 IjJ I j\.P j.Jk l^S" . . . .^jj *X>t.JLU 

J.^111 j J.11 JlS" I) Li • • • • ^ J J^JI Jj-I <J J. J I X? 1 V2.S li , j 

L* 4.^.i I ^15 J UL« (3 jlJ5 ^j.P ol/L j jy^l J.44^- 3 4-^ljj-X 5 

4.Lj.X? 4.1^-j.j LaJl*.j 0 . 11 X 2 . Jl 3.^.5 J,} oij..*.Jl> . JlJd |ju& 3 oil 0.1 ojj 
^I jtxJl 4.3 J j.3 o.^>- c 3 o jl.>-j ^i.*l ^.a j 4.1*1.!- 1 cu^s. t U 

j- 5 j; jJ j ...Jj.v 2 .lJ I s-'jjV f*--^ o^: Jl I 3 j j-1 - 4 i y 2 -^ J . s^XxS" oj 3 

0 -jfe.^- j C4&I ^j^r-j oLjl <3 3 ^ 0 J~U ; o'J l^- ojl; 3 jlXo^ I 

jJfclj.lfi.Jl jjyw*Oi.J 3 /%-ljtJl 4,.^-lS" lj\. 0 >-l j clwl ijjf-j JjlJl 3 j jXJ I 

. <LoL£..A.Jfi.J I 

L» 1) lSL^» 3 I J <«_Jj.*.J i j j^JLj jjlJ I (_£ wLXl.* ^lp Oj\.lJ I dll; 3 Ojl-P 
C I.Xj 1 j 4.Jfe.^- ^j.-* L_ij.lfi Jdf (_£jJ L« iSj^ 4.1 J Ll^ll jJilJl oL^j 4.jj3 
j v-.J^ti 4 c3j.J^ 35 L, o^Lp IJ .3 oljlj ^-1 o.jL5^ j 

jjd> o 3 ^; ^^-v 2 .^.j ^LiSI <jjy>c-A.j l^wio j . . . 3-‘>' 4 3^ ^1 j-Lv> 

i-l 




j.J j oj jj iwi j jvSLj^ ij.il) dJi jjj $. 113 ^ Oj-ijj.; ...4.1 i^Ji i^-j 1 — 

. 0 jj.i iSL J 1 Oj.5^ 

. ^Jd^i ...?1^3-^' l^lJl ^SLjIAIXa.^ Ojljj-J 4.1^- 4“^ d jll^s.xll 1^.J 1 — 

^ ^ 3 P o!v 2 .j*- 3 1 ) jIj^ 301 o-df J.4-1 lJlj& 31 o*>14-l 3 ' v2 -~ dlS^ l»JLO 

/$ 

J 5 4^.j j. ci^j 15" ^5 1 j. J I 3 . . . . ^3 LjlJLs.J I cl) LJL^jl IjLj I L5j Ij o L^ jlx.^ 

o^\.x.J L^*> Lj^ydJ ^^ .x.j L^» c4^jIj^II c-3^ (3 3 (_3 ^ 


3 • • • • I J. J 1 ^.l-P 4^.4.^.^' ^.X3 J Jl J j.J^ jv-L-^ cJ”^ I 3 j.^Jw5" Co.xS" L^_^ J.J 

jx.z*\ Owx 5" 4 JLxJI 41^.13 J I ^L)^ll 3 j .j^jwLII iJy c-jjj-i il 15 
3 ^.jl J ^ cl) 41^-j^; lj.^o 3^.^.5" 


4^.x.^.Jl 4lx^o^l ^ld.j JL X.J2.J ^ll Iwlj^ Jl wL*.j J ^bl oJ.p j.x.j 4j! . ...^L^xJl 

t>» ?^j! 33 J 1 3/^*^ cJ j.^.J 1 *3.-^ 4^1 ^3^-i ^ 1^| ....^ jtjl ^j>>taA.JL5" Jj.Xj 

oL-J-l lili ?5Ui-l y eiAil L. ^ C— ^jll >-\.X. J 1 ^ L^ 1 J J J.^2.^ 

^ j~Jl clU5 3“^ (3^^^ ^ ^1^1 cl) | . ...?4J| 3lxJ^ ^ cl) | j.^*c-XXj ^ j 4^.x.^.Jl 

4ij.x.ll (^wlJ ^ ^^wlx. J I ^3^3 J 33SC jiJl J 3^^^ 3 CUJ L5" 

^.,^-^j-^4a-j w\.3 ^4 j 1 l. ^ ^ 4^ ^4^^- 1 j , , , , 4 1 0 »-X-^ 4j L^-^ 1 ^* 3^ t>» 

C^wlJlj ^5" ^Ip ^Lxj 4xSJj wli 3 .JI J,Ij J,} ^Lp j j.JwlJl 3 j.j 3 
( £j>-\ 3^ 3^^.J ....L-ti^-^ c1)j.5Cj J.i 4 j! ^5^1 1)1 cJj-^ 4.ta! 

4 j 1 C— d *3.^“ j 4*v.Lp j c ^^ 5p Jl^c J ^ 1 wA. J ^|A^^X3 ^j.j »^\.X J 0 J 1 1 

3 -^~ JjVjJ! 4jJ 1 j.^ j ^^^jixj 43^.3^ 1 ^j.p cx^^c-3l 3 £*-A.3l ^5 p l ^-^ 3 1 j.J 1 3^ 

w n ^.^1 j--^ 1 3X.X c4^c-^-U c-Pj-i^l J 1 ^.a.^c .^-^1 J j.^2.xlJ Jj.^j.Jl 
*JUa oir lil 4 j 1 j 2. J oli j toijJl dli 3 ^-Hs-oll) ^ij-A.^ ^»J.p p-!j 

^Ip jl ^iljJl j . Jl^J 1) 4.3 J Jjv^jJl ^-Jj 14 1 v^.v2.1j ^j-J j~g-i 4.JI 

? s. ? 

lj2-jl J clji-1 ^|j.j 4.1^.l4“l ^j.P O-^S-Jl 3 ^£-^-lj 

3 dry- 4 1^ 1 d>J j-4- 1)15" ^jv->-l j v-.>-l 3 dl^X.-d.xU Slj.4-! 

3*J| J J J^ jf I 4jj Ij^a j O-J^s-Jl J ^j.J»s.xlJ 4.V214-I 3’" 4 'J-JfiO dJ jlx^»l 3^-' ; -^-' 4 

lj.i (j-^-i J-li tjv-g-' 4 j->»l Jllp 1jlj& oiyLw- .od/l^l 3^" ci ll^'J 3.0^1^ 

I y c^jjllJ ^Sj; . ^J I 4 .j^ 14-I ^.5" il^< (3 J ^ 1/^ J^'J I ^4-1 

^J.jJ.^e.111 ( j/2-V2.i 3 34^1 1 o^ljtJl ^li tSlX^ 3-oi jl 


jli 3-Jl^ 3 l^.^j t 4 .Xj*s.v ? jv^.pl^xil -Lx.j ^ 14 -)|I 3l ^j-J-lJl j jSjo ^.ll 
^.^SLJ .4 .x>s.v 2 (j.^ jr p O^'J OJ.P j 4.1SJJ l)li jl-li ol-^ ^--jjJl 

L^*> tr *ju* of j- • • • • ^ ^3 4 ^*>lJi jlSLiJi 4.J1 1 5 l***j 4 7*^ j.s^j L^ 

L^i ^®3 Jfi.jJ.i flj.Jfi.5 s-lll l^^i ^.Jfi-lj jy^^p Cl^-4- 4 .£'yp 2 yJ> 4.^.J J.^.^4 

^jj-^-lj 4.1jt>s.xi OjO-jll Oj.l2.lJ I Jt 3.^- s-lll) ^ISLJI «^ll4T jl 


to 


3 £^5^ 3 Cj^ 1^-A.Xi^; cJ^-^A^ALi 4.,*.^A.*J 1 ^t.>e.Al J Lif 3 j 

jj.l 2 .xj I 4 .Jj-Aj 4jjL^- ^1p cJjAAj Cc^>ci ...j>-\ 3 j*-^~*-^ Oj.^ L-JLxj 

^lp JlA J.xlJ cJjAAJ 4.jAj SAllxS^ ^^.AA 1 j j V 1 ^Aj>c.xA ^lp L^2 .j 1 j 

Ll j.j>Aj j i j j^qJLi i^l^AAI 1)1 Vj c4.jAA 0 A .4 ^ j 

^i.Jjj2.Jl oi-.& ^P (_^j.ia.j 4_.g.>-j j.JL)L_v*< L-s2-J I J . . . . 0 !j.i.J 1 (3 ^XLjtJl J L^pjl L) 

. j.J?j.ll I XL Lx.a £..ol> j 1 jLjLi t Jl Jlx j 

L-^j-xp jj^.^j.i .1 j.J 14 \jX oX^-jl jj.Js.xJi 4.jj.la.j (J l^- 3 ^j-SCJ 

4.iJ„y2.JL) j L-v*J jl I j 1 <J j.i.3’ J.XP Lj I Oj.xia.j jv-g-i . ,.L.g.xP j j.j J. 

^3 ijXji 1 j j. j 1 j j j- 2 "*-J 1 o-i.sC j L^ ^.1 4 jJ bjLXl jl J 

X^-l jj.J 2 .xJl 3 0 lj-i.J 2 .Jl jj^> ^j.P S-jjJixJ I OjJ.^ Ojjtj I- 4 1 c4.i J.^ 2 .Jlj 

(j ^ 2 - Lxj£ <LJ3s-- w ‘' 4.- i .lj»s.^^J I < -. 2 t.Xj j I 4 -jj.J 2 .xJ I Oji. J 2 .J I ^ j.-g.i.-4 j I 

lX^ ^j-^jj 4.J I ^^.xJiJ jj.J 2 .xJL) ^j-^jJ ^j-4 ^1 p jj.SC 2 s.j 2 -J J . . . .4-XLv2-J.L) 
Lxp jl j olil^-vJl 0 jjsi ^.aXj ^j-4 j L xp jb ^j-Ji-J I jjsi jJ. 2 s.j 2 J. I l-^x-vj jj jl 
l^.j Li jj.J 2 .xJ Li . . . . j Ij i. j I 1 3 - & jL J 2 j jxilj cl~> Ljt-4 L j - 1 3 L-. 2 -j.Jj. .*.3 I $. L^.Xp 
Aj>~ Aj>~ JljjA /j.^j ^lp A^^Al olj^.i.xJl ^1 p 

.Ax j I jj AS^A . x.*.xj <xJ I 4.^^.SLxJl xJAAl JaJLlI Lxx^«c V 




..*.J 


VA 


•Jj- J 


Jla.^«-X^s. j J Jl j jA J j.AxJ I J).Jj. Ai 0 L*w*J | 4. j j 3^.3 4. j jL 5" -jLxJi) J.2- JJ 
jL~J jL) 4_-.,j.«tX j-aj! I j ...4.X^.J j ^J-J (j^-J Cij' ; *“l ^-JjL^*< (j " 4 JJ. 4 J 2 4.^.i 

(J>i jr- 4 j' ^.J^\j.^ J,| 4.^3 cJ ^j.3 1 cl)i 

j 1 <s±>- \ tx^ ^ . . . . ^ 1 j.^ j\.^ \ 4 . j ^ ^ w\. j .... ij 

cl)j.SCj (jl Ji jl JJ.J 2 .xJl 4 -Jj.J 2 .xJ ^jjjLjt-4 jr ^ v-ju.1 

£.SIj.l! (3 ^i.x5^ I 4JI oJ.A^ 4.jj.ii.xJl (3 

J ?j J.I 2 .X J 1 IjIxS" Ij.^.j 1) I j.j <Xj^r ?L^-^2.ix7 ^.J I 

Jl^2-3^/| 1)j.SCj J.3 j.J^ J \.J^.^ ^jLj\j J jt-Ai ^j>- 

Ij 1 Ljl^. 3 . . . . ^ g iJ I j.X 5^1 4.Jj.^.j djl ^ A j2.J I 

oLJIjIj j.Jl ^j.p Jlj j ^jX^jtJlj 4.x All 4.^.jj.A I oIAjIjjJ! 

c3j.j^x Ji 4jL**yi ^^j2.xA Vi ?diJi l)I a j.j ...4.^xj>-Vi 


^ I 4 . j w\.^ L^wws.^ 1 Ij 0 ^ 3 ^\.J I 

jt-li ...Ji^JjJ! ^J.p ^.XX^I CUxS^ 4 .^c.a.^c.^.j ^LS\.^Ij c 1 )j. 5 Cj j 
jvXJfc! cuxS" 1^3 c 4 .j^li^ tl V j L^. 4 ^.^JxJ V iJlAJ V j IAA ^xj^I j. 5 "l 

c 3 j.P (3 (A-^J-ll JwJLJ A -3 3 ^*^Ax^ 3 J . 4 .JA JlJ^c -1 J Ij I y& 4 .J 

Ij. jlXX 3 I 1)1 V J 0 jJ Ijj. J j d. J A 4 . 3 j.j^X ^XJ^I CX^xS^ 4 j*xLAl 

^j.J^ 4 .^-liL^.j Jlj ^ 1 x 3 Vi 4 .A^.j^j (^1 3 V 1 ) Vi ( 3 ^“ J ^ 

4 _JjJ>- JjlXS^ ^.j>b.PJ.j jl jj-JlJ C^J Lill c_ij.J 2 .Jl J.J L -4 ^Lp 4 j j^J-J L -4 

^jLojl J -jj.SCi.xJ I 4 ,JjJ>- j L-g.X -4 ^.aI 4 ,JjJ>- (_^J.li LxjJ-J ^.jJ-JI jc.^.JtxJl 

j^i Jl-A ...-J.jJ.JI ^j-vi J -4 3 Sli. 4 ^x 5 " I jl L- 4 J.J c_^j^-l i 4 -J>s.i.v 2 .i-J 
.... 4 . J LxSCj I 3 ^-^X -4 J ->- 1 j| LXj .... OjP I jl ?j- 4 jl I jJ - 1 4 .J U^J! OjJ liLi 
d.^.j ^li 4 .Ap j jAillj ^^.Xj ^jX.]\ Lxltp 3 C^ljji»i.j oljl Ll L-Cj jl 
(_^ *^»j I 1 3 ^ . . . ^-^ j Ji^U o^-P'kX.Jl ^ I 

. . . Ji*l 2 . 3 j A ^j 2 .^c_XC 0 J\ .JLJ J .3 ?c 3 j.J^J ^J.^w 3 c L^-iL Ai JL>- 

^iL*JJ 4 .j>c.v 2 Ij 4 .jJj.J Jl^jpI cl) I CX^^Ax^ol ^/Al^V I j 4 .jlAx 1 I cA-x^o w\.x.j 
cjAill <wjj.pl 4 .A^.j 1 | cl) I jt-lpl ^JV ^V^X^ I j^.Xj A ijlxj^ wIjlj 1 j 
0 x Lli cX I 4.3 Ij IjLj >-13 L^wS^ 4 .^^Lj^JI i^ji ^ *.****», j I \ L^x^ - Lj 2 .yw^A> ^.l^Jl cXl ^ 

Jl^XI IIj& 3 iJjL jl Lxjl ^.ji^j.j A . ...^wL*Jl ^3 j^ ^ Cj^£~ 

lj\. 1 j Li Lx j L^J 4 . J J .1 j cA L^ V I J 4.^0 Ij dJ Ij ^ J? j^x.^ j j Jlj V ... Jl^^xJ I 

. ^JL.^.^VS.J I oLx» Jl ^.3 LxJ cxA-^ J A 4 .A^.j 1 | cl) I 
4 .j L JxxJ ^c.^.A -1 \^y>- cl ) j.x^.Xj jv«^l J Axj^lJI ^. 3 1 j-Aj ^.j^Ax^ 

0 k.X.^ j L^J y ... c i^lJ I ^ ^ 0 3 3 ^^ j L>» ^ -a_ 

ol)A> 3 "*^ J L^ 2 .jI j ^AIAp j c 4 .^-^ 1 p j c A*AAi ^^.Al 


.... Oj L^w^.y* I 




a L>»j.j 4.^c.j>- ^p l)j.J Jw^c_xj ^A^lAl ^t.^c.Al JL^- 

: 4 .i.^li.JL) 0 ^ j-^j oL t ;l L-s 2 .j I JjL^- (_^XJl OjLSCj^ 4 _i.jj.J 2 j 4 J 0 I Xj. 2 - j oL”| 


. 4.i.Jj.J2.J I oXp> 4-3 wli.XXj 


j|Li-4 L»j.j L^o 


J ^ | d^^O A.-A^^.yC^\.J C — ^ l»*WW\.^S^ l Sj ^ ^.J ji5^ 

d^latJl daL^ll cl) Li ^J^LS JiSCdo dll ^ j->- j ^djJ Ji*dj.Xa 4.al 

jdpl ^.!La->- L^ ld«& ^ cOj.a^ l^4>» o3 y^r y^ d3L*4d>-l ^.i*P J^Ld^-l 
daVL^d^l <j\j (_£jL^a (^jil^Ul cl)l Cd^lp cl)l Jl Laj:>l ^ dJjJl jA^tJ 

4.^d ^ 3^ ^ ^ dp J L*<d.>- I cl) I (_£j 1 ^JnJ L.>- 3 L^Jda 3 y>~ 3^ 1 ^ dp ^ ^ 

.... dSj.^ 

L^ld^ddol ^da j cc J.43 dJLp*}lJ 1 dip d^Xata ^£dJl ^IxJl j^l L»1 

^^2— S-JLj cilJi J 4&1 ^ J.^ j ^*dp daLdi^ I d.>d^ 1 ^4 yJs \ cDb^l 4.:>t.d? ddxJ 

ll)l ^*p\y^\ \ 1 ^ A-^.JLj *-A- J I ^aJdJl 3 Oi^^-^«Ll d.i^Ld“-*y 1 dp Ja2. J I 

. J^^lsdlJ ^c-l^-J data ^ J UjjU ai jrd' 


oAj*- (_|j bj.SCi 4.1,4 lj£-l J^jjJl oAj*- Jj.,4 L^Xll Jj.Jj.JflJ I jiff I j.^sj& 

<JjL.^ L^fT 4*a! ^1 p ^JLIJ IjjJi-JLa ^ cJ^LjtdJl J ^Sja^la 4djll clJdxJl 

J (^j^SC Jl dajddJl JaLd^-dJl (^d.2^1 4jj ^bCatJl ^lp Cjt-^-J Oj.J y*p3 y 2.a*3l 

\jl*p ^adJl ^L; 1 3 OcJi^-^y di j c jvl«*.^J 1 j cd->«-Jl ^1 p Ljlx.^ ^ib ^j.il 

d) ^.^-^c-Xa 1 ^ jv^ 1 da2.Xa*..k 4..>- ^.a 1 da 1 ^ L JLxJ V! £» (j 4.J>e. V? I J 

. . . . I ^lp OjAljf- 4.Jj.Jf-l) j*.JOjJ.J I j.ll ^3 C^->=-^lJ OjJ* 

. ^ ^ £ £ 

j d^^c-d 1 (3 ^^_^wjia 1 ^IP Ijwl^Xata cl) b 4.3^1^? 4.^-A.^.a 1 la! j 

S- ? 

jva^ j.1^. X ^J.xlJ jv^j-P^l j ....d^L*. Jl JljL^v^II (3 I— j co$- Ij-iiJ I 

£.5 lj.il oA^i cl>» wli.Xjt^ ^.ilJ lj ^j-Jl ^.il j.ll ^ ^j^.^.J ^ 4.^.^. JUJI jjLaLI 

....^1 l^-^2-ata $\ji>-\^ j ^.al-i-^-1 ^y2-a^a jl^-iila 4 .Pj1j J 4.aj.ddJlj 4.i^l^ 

d) j.SCx^o 4.1^-j. J Li J^lala •y j (^Lxdai^ da Li Cda 1 /j.5^ j iJ ^ j.JLa iJj^P ^jda *)! 

. 4.a2.^.d ^ 4.X.XJ? 



oJjfc) ^.adJl <_aLlSs.Jl J (5j.dJ jL^pla ^Lp^I JlX>» ^^^1 Lij tM J L^l 
j l^e-pl (_£l J.Jf-1 1 II L^l^i.; ^Jfi.^^1 J^li ^(j\.^>»l^^»lJ 4-Jj.v2->- 4.0ft ji- 1 
ob 4.jt^2.j l^.jwl^t^j 4.A.J ^Ip ^l^.xp'yi (3 ^i-Ja-^il ^j^iL^Jl J.P |JlP 03 .IJI 
^tJfe.^-1 ^y2y*j2-'£-. j . ^ S.j^.^i.^.lJ 4-jl ^pJ-J ^.J J^-jj-i (jo*)LL! 

^jli.Jl ci'j"^i j ^j/2-jie.l^J CUjL5" wli.i 4.^.jj.j£?LjtJl ^.31^4^1 ^c.vo'll jl 4.^-i.loLjtjl 

ol^>- ^^2.^1 ^Ip 4 j J.jJ.JiJ! 4.jj.J:2.p j LJ aII 


P da L^w- 


L^l^.a 


C-JU jJI oULiil J 4.^.^ala L^d^ lj jiff L* IJlj& j i^U 

^.Jl c—jlj.JtJl c3Ll.yj! ^j.P dl-^l) . . . ,jy^2.x.\ I j.^ ^1 p 4.jj..JL.jl l^-^ ^IjtJ j 
jv^j JJi.p ^Uj j.» jJL^j jl ^.Jl j 2lpUi j.p ^.j- 4.j j.»3j jl j.1 jJI Ij^wIpI 

... JjUjjll ^Ip 

^jlj.^1 jljl L* J.Slj J.Sl^.11 J.^.i 0OfeJ~l oJl^ Jl5^ jvSIp^ 

^j.ii 4 .J 1 jiusi ^j.Ss.j i ji . . . . 3 1 <:^ j ji^j jj.jj.io j^.p jji j 3^ iij j.^ jijti 
4.5" I 53 jr-^ la.p Jl5" cuJl j-o^x^i 4.JI ±J Ljljs* jl5" j.J j.So j.^jJ-1 

jl yjj y\ yXji.s.3 4.J J-JtJ 4.>-lj j.J lll^ 4.J l^.^ J.J jlAj.ll lj.A 

j.^.Ji.j 4.ilJ jli J I 0 4.J l^.ll 4.i.i j.j>e.Xj 0 j-^-J J^j jJ>- I 4.J^ (_^l 

. 4.1.^.1.j>e.lJ ! jc>- j! I jwii (j^jl ojULiil 

o J.j*-lj 4.j>e.j»- ^1 p jj.ijtJl jlarjll ?_^pjl^ (3 4.1.1J.1 5 o jlj.>- wljtj j 111 

C^-0>e.^O ?.lj.^4 Oy^Z j I J j| J.A^- ^^.Ip ^-^l^ ^--^-Of' 1 J.-C ^ 1 

^adJlj (jd^J.1! cl/^ LjoLjL* 4.^-da d^l-dj J cdaLJ^a^l ^1 

Lj^ j ^ L^2.^4 L^^i cu^-U a ^ 1 dx.x^> 1 ^ dp ^ ^ ^.-Lx. J 1 Ij ^''6"'^*'^"'^ 

j . ...jfA j.d Jl OjJj-a ^d Jl ^La^^yi ^aiJ^LatJl jo LxJl ^LiJl j d^latJl 

L^. r r i a^Xa j lj.a2.a jfi ji ^w\.a V' J- ^ .... L^^ d-JLa^yi (3 3“^^ ^ 

daj.1^1 fj-^ 4 d^~J C fj.a dlJ ^dJ^La^J 1 ^PdJ la ^I^xJl 4.da>- 

.od3Lda j 4.abLatJ ^j-d^-^l J ^adJl 3 Lada 1 ^data 4.dJLJ2^ j ^Ji-P ^J-P 4.aL 
4.aJj ^dda Ld d^ j.3 Jl Ldj^Jda 3 d^^c-^Jlj 4.dadJl ^c-^fc-J^l 3 fj-^ 4 lj- 


cr^ 


4.^^.a ^jlJl 0Ofe.J-l wl^XjtJ C. 


kJl 


j.Al^.Ji.Jl J ^.J wU ) ^y.^py^. 


jJlJI 


.1J 4..4.J2.J2.. 


^^4 


4.5^.aL- 4.^1iL3l ^alj.dlJ 4.iLd.x5^1 Jl lj-a Cd^.^ ^ La^-J 1 jJk J 1 {jlj* 1 ^J-P 

jiuji 


1 
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